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ABSTRACT
Auto crashes are more likely in the afternoon, and older adults are involved in
more crashes later in the day as compared to earlier in the day. Factors that may
influence older adult’s driving included visual spatial attention and sleep quality. In
addition, circadian preference may also influence driving. The purpose of this study was
to evaluate these factors in older adults. This study included younger adults (N= 41, M=
21.6 years) and older adults (N= 40, M= 65.5 years) who were tested between 8 and 10
a.m. or between 3 and 5 p.m. Participants were tested on a computerized driving
simulator called Profiler, a computerized visual search test, and the Useful Field of View
(UFOV) test. The Profiler provided scores for steering, scanning and concentration. The
UFOV provided scores for reaction time, divided attention, and selective attention.
Participants were also evaluated on physiological function, field dependence, health,
sleep quality, education, computer anxiety and driving experience.
Younger adults performed better than older adults on most measures. Time of
testing did not influence visual search, nor was there a synchrony effect evident in older
or younger adults. In order to further evaluate driving performance, two groups of older
adults were created, post hoc, on the basis of high versus low scores on the practice
sessions of the driving simulator. It was found that those who performed well were
vii

significantly younger than those who performed poorly. The age range of the older, low
performing group was much wider than and overlapped with the younger, high
performing group. The older, low performing group also reported very high computer
anxiety as compared to the older, high performing group. The use of computerized
testing was sub-optimal for the oldest adults, but younger adults have stronger visual
spatial abilities than older adults. Given these findings, older adults may be at greater
risk for auto crashes than younger adults. Future research with older adults should
examine whether there is a synchrony effect that influences driving performance on a
closed track or on city streets and may include an evening time of testing.

CHAPTER I
INTRODUCTION
The impact of aging on memory performance has been widely documented.

•—

younger adults (e.g., Smith, 1979). However, when retention is assessed, the magnitude

• •"

-

example, immediate free recall of a list of words is worse in older adults compared to

...........

Elderly adults perform worse than younger adults on a wide range of memory tasks. For

of this age difference is reduced when semantic retrieval cues are provided (Smith, 1977).
Furthermore, the magnitude of age differences in memory performance is reduced (Erber,
1974) or eliminated (Schonfield & Robertson, 1966) when recognition memory is
assessed.
Adult age differences in prose memory have also been widely studied. A majority
of evidence found that older adults remember less information from discourse than
younger adults, whether the discourse is presented in spoken or written form (e.g. Dixon,
Simon, Nowak, & Hultsch, 1982) and whether memory is measured by recall or
recognition (e.g., Gordon & Clark, 1974; Spilich, 1983). One of the questions addressed
in the literature on prose memory in aging is whether older adults are sensitive to the text
structure as are younger adults. Dixon, Hultsch, Simon and von Eye (1984) reported that
for adults with lower verbal ability, age differences in text recall were larger for the main
ideas in the text relative to the non-essential details whereas the opposite pattern was
observed for adults with higher verbal ability. Petros, Norgaard, Olson, and Tabor (1989)
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(1989) also reported that the size of the age difference was larger for low verbal subjects
and larger when subjects recalled expository texts.
One theoretical account of age-related memory problems has focused on a
decreased efficiency of working memory operations (Craik & Jennings, 1992; Salthouse
& Babcock, 1991). It has been suggested that decreased efficiency of working memory
operations impairs the quality with which information (e.g., word lists, prose passages) is
manipulated within working memory in preparation for later retrieval. Salthouse (1996)
has argued that changes in the processing speed in the components of cognition are
responsible for the decreased efficiency of working memory. Also, some authors have
argued that the decreased efficiency of working memory results from individual
differences in the level of central nervous system integrity, manifested through agerelated sensory deficits (Lindenberger & Baltes, 1994). This may be referred to as the
“common cause hypothesis”. Regardless of the specific mechanism, it appears that agerelated deficits in working memory performance underlie a variety of age-related deficits
in cognitive performance.
Individual Differences and Aging. A recent focus of cognitive aging research has
been to identify individual differences in intellectual ability that predict memory declines
with advancing age, and the degree to which individual differences in cognitive processes
and intellectual abilities account for age differences in memory performance (Hartley,
1986; Hultsch, Hertzog, & Dixon, 1990). Hultsch et al. (1990) measured text recall and
word recall in younger and older adults, along with a variety of ability measures. They
found that semantic speed, comprehension speed, working memory, verbal fluency, and
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reading comprehension significantly predicted individual differences in word-recall and
text-recall performance independent of age. A further cross-sectional study by Zelinski,
Gilewski, and Schaie (1993) reported that people with lower reasoning and vocabulary
scores, men in particular had lower text recall scores.
Zel inski and Stewart (1998) suggested that examinations of age-ability
relationships may be contaminated in cross-sectional individual-difference analyses
because of cohort differences in characteristics that may influence individual differences
in cognitive performance (e.g., educational level). Therefore, Zelinski and Stewart
(1998) examined longitudinal changes in reasoning and vocabulary, along with age and
gender as predictors of 16-year changes in text and word list recall in older adults. They
found that declines in reasoning ability and age independently predicted declines in text
memory. Male gender and declines in vocabulary ability predicted declines in word list
recall.
Sensory Changes in Aging. Decrements in sensory functions, especially in visual
and auditory processes occur with aging (Chisolm, Willot, & Lister, 2003; Ivers,
Mitchell, & Cumming, 2000; Owsley & Sloane, 1990). Findings suggest that all aspects
of visual function including visual acuity, visual field, and contrast sensitivity decline
with age (Rubin et ah, 1997). Visual acuity is the ability to detect detail in objects.
Acuity is measured with a Snellen eye chart and provides an index of ability to defect
detail relative to an individual with perfect vision (i.e., 20/20) at 20 feet. If acuity is
found to be 20/40 that is to say that this individual detects the same amount of detail at 20
feet that a person with perfect vision would detect at 40 feet. Visual field is the extent of
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area visible to an eye as it looks straight ahead (i.e., is fixated). Visual field is measured
in degrees away from direct line of sight. Contrast sensitivity is the ability of the eye to
det ect the line of demarcation between an object and its background or an adjacent
object.
Research on age-related changes in several types of cognitive processes (e.g.
attentional, working memory, planning and problem-solving, verbal ability, and wellpracticed procedural tasks) and in several types of sensory processes in older and younger
adults has been conducted to evaluate the common cause hypothesis. For example,
Anstey, Hofer, and Luszcz (2003) conducted a longitudinal study to evaluate the
relationships between the rate of change in measures of cognitive and sensory functions
in a large sample of adults 70 years and older. Anstey et al. (2003) measured cognitive
status, memory, vision, and audition on three occasions over eight years. The battery of
cognitive tests included the Similarities Test of the WAIS-R, the Boston Naming Test,
and a reading test. The Digit Symbol Substitution test (DSS) of the WAIS-R and a three
word recall test from the Mini Mental Status exam (MMS; Folstein, Folstein, & McHugh,
1975) in addition to a test of recall for pictures from the Boston Naming Test were also
used. Near and far visual acuity and pure tone threshold audiometry were used to
evaluate sensory function. Depression, physical health, gender and education were also
measured.
Differences between men and women were assessed and correlations between
depression, health and education were evaluated. The degrees of association between
sensory and cognitive variables, as they changed across time, were also evaluated.
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Anstey et al. (2003) showed that women had better recall and hearing scores and faster
DSS score than men. Furthermore, the rate of change in women’s vision over eight years
showed less decline than the rate of change in men’s vision. Fewer depressive symptoms
were associated with higher scores on all measures except vision. Better health was
associated with better hearing and memory. When adjusting for age and gender, a
moderate correlation between rate of change in memory and vision was revealed, as was
a moderate correlation between memory and speed of processing. The correlation in the
rate of change between hearing and memory and hearing and speed of processing was not
strong, however. It was also found that education was correlated with a slower rate of
change in speed of processing, but education was not correlated with a slower rate of
change in other measures. Similarly, health status was not correlated with a slower rate
of change in cognitive or sensory variables.
Findings of studies reviewed herein suggest that individual differences, in this
case verbal ability and gender may influence cognitive performance (Dixon et al., 1984;
Petros et al., 1989). In addition, factors such as educational level and health status may
moderate the influence of individual difference variables (Anstey et al., 2003; Zelinski et
al., 1993; Zelinski & Stewart, 1998). The findings of Anstey et al. (2003) do not provide
evidence for a common cause hypothesis but show relationships between sensory
changes and cognitive processing with aging that may interact to influence performance
on real-world tasks such as driving.
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The number of people over the age of 60 is growing at a rapid rate. It is estimated
that by 2030, 20% of the population will be aged 65 or older (Older Americans: 2000).
Although people are living longer, there is a concurrent increase in age-related problems
such as dementia (Valcour, Masaki, & Blanchette, 2002). The number of older drivers
on the road is increasing. Some of these older drivers, primarily women, learned to drive
late in life which may influence their ability to remain safe drivers as they become aged.
The majority of older drivers are safe drivers, but as an age group, older drivers are
involved in a large number of collisions, the number only exceeded by the youngest
drivers (Evans, 1988; Retchin & Anapolle, 1993; Williams & Carsten, 1989).
Identifying safe and unsafe drivers is an important consideration as the number of
older drivers is increasing at a steady rate (Stamatiadis & Deacon, 1995).
Chandraranthna, Mitchell & Stamatiadis (2002) have determined that under some
circumstances, older drivers may not remember rules for safe driving and may have
difficulty, at times, managing multiple sources of incoming stimuli. The prevalence and
severity of these driving problems should be studied in order to enhance safety on the
road.
The choice of appropriate maneuvers through traffic and choosing the appropriate
times to initiate maneuvers, such as lane changes and left-hand turns at busy
intersections, requires selective attention (Rogers & Fisk; 2001). Driving safely requires
that attention be divided between multiple sources of stimuli and that attention is shifted
rapidly from one stimulus to the next. Memory, planning and piobk n-solving are also
required for safe driving. Furthermore, motor responses such as operating a turn-signal
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switch must be remembered. When driving in traffic, the integration between attentional
processes, memory, and action must occur under time constraints (Jagacinski, 1996).
However, older people perform more slowly on psychomotor tasks and memory tasks of
encoding and retrieval than younger people which may make appropriate driving
responses difficult for older adults (Czaja, 1996). Age-related decrements in speed of
processing, divided attention, shifting attention, sustained attention, and selective
attention may be one source of auto crashes in older adults (Rogers & Fisk, 1996).
Age as a Factor in Predicting Driving Ability. Older adults show a high degree of
variability in performance of all types, especially memory performance. Most of the
variability is attributed *o individual differences such as life-style factors, health factors,
and genetic factors (Backman, Small, & Wahlin, 2001). Thus there are numerous
variables to consider when addressing age-related problems with driving.
Several researchers have found that older adults show decrements on direct tests
of driving performance (i.e., on open roadways and on closed-road courses) and on
indirect tests of driving performance (i.e., in simulators) but that age is not the strongest
predictor of driving performance (Lee & Lee, 2005; Llaneras, et al. 1998; Wood, 2002).
In the discussion that follows, research findings regarding other factors including changes
in sensation, perception, attention, speed of processing, and responding that mediate the
relationship between age and driving performance will be presented.
Freeman et al. (2005) conducted a 2-year longitudinal study with a large sample
of older adults (65 to 84 years old) to determine which aspect of visuai function was most
predictive of driving cessation and which changes in measures of visual function were
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most predictive of driving cessation. In addition, cognitive function was assessed with
the Mini-Mental Status exam (Folstein, Fo’stein, & McHugh, 1975). They found that the
best predictors of driving cessation were the rate of change in contrast sensitivity and
lower initial scores on central visual field tests. Visual acuity, the measure used by
licensing bureaus to determine visual fitness to drive, was not a significant predictor of
driving cessation. These findings suggest that multiple types of visual function are
important to drivers when making decisions about driving cessation and should be
evaluated. This study also showed that cognitive impairment was a predictor of driving
cessation independent of visual function. This would suggest that visual and cognitive
factors should be considered when evaluating driving ability in older adults.
In order to differentiate the influences of perceptual, cognitive, and motor deficits
on driving performance, and in order to determine whether there were gender differences
in driving performance, Goggin and Keller (1996) conducted a written driving test and a
corresponding driving simulator test with 11 men and 13 women between the ages of 65
and 83. Peripheral vision, depth perception, and visual acuity were measured, and
psychophysical measures of reaction time and movement time were gathered. The
written test w'as a paper and pencil test of the appropriate driving responses that would be
taken for each of several video-depicted driving scenarios. These same driving scenarios
were presented in the driving simulator test ill order to make comparisons between
cognitive performance and motor performance. The measures examined in the driving
simulator test were reaction time and movement time. The number of errors made on the
written and driving simulator test was compared.
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Goggin and Keller (1996) found that men and women did not differ on the
number of errors on the written test, but men made significantly fewer errors than women
on the driving simulator test. The men in this sample drove significantly more miles and
did more highway driving per year than the women. Males and females did not differ in
reaction time, movement time, visual acuity, or peripheral vision. Additional analyses
showed that the strongest predictors of driving performance were number of miles driven
per year, miles of highway driving per year, and visual acuity. It is important to note that
reaction time and movement time were not significant predictors of driving performance.
Goggin and Keller (1996) concluded that the older drivers had more difficulty on
the cognitive decision-making skills required for the written test than on psychomotor
skills required for the driving simulator test. This would suggest that driving, a wellleamed, procedural ability shows smaller decrements in older adults than memory-based
abilities (Parasuraman & Nestor, 1993). It is also important to note that visual acuity was
not the most predictive factor in performance on the driving simulator. The findings here
suggest that elderly people who drive more are better drivers, thus future research should
measure driving frequency and assign frequent and infrequent drivers across all
conditions. It may also be informative to compare driving frequency in men and women
in future research.
Research findings below present another line of research that evaluates visual
attention with a useful field of view test in addition to measures of visual function. Useful
field of view is a construct that describes the area from which visual information can be
gathered in one glance without moving the eye or turning tine head (Ball, Ov'sley,
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Stalvey, Roenker, Sloane, & Graves, 1998). The visual stimuli in the center of the visual
field is projected to the fovea, and other visual stimuli from the periphery are projected
off of the fovea. All of f e stimuli from the fovea and the periphery that can be processed
are within the useful field of view. Of course, not all visual information, especially
information from the periphery, is processed. Visual information far in the periphery is
unlikely to be detected and out of the useful range.
Several factors have been shown to be related to a restricted range of the useful
field of view including older age, saliency and duration of the stimulus in the periphery,
and the saliency and duration of the stimulus in the center of the visual field. Saliency
refers to the degree to which a target stands out against the background or the degree to
which a target appears different from other objects by which the target is surrounded
(Edwards, Vance, Wadley, Cissel, Roenker, & Ball, 2005). For example, stars cannot be
seen during the daytime because the background is brighter than the light of the star. As
another example, the lower-case letter “d” is difficult to detect when it is surrounded by
lower-case “p’s”, “q’s”, and “b’s”, but the letter “v” would be easily detected when
surrounded by lower-case “p’s”, “q’s”, and “b’s”.
These three factors: processing speed, selective attention, and divided attention
are the variables measured to determine the range of the useful field of view. For
example, when driving, we perceive, process, and respond to primarily visual information
that will keep us crash free and moving smoothly in the lane of traffic. Most often, we
attend and respond to pertinent visual information in a timely fashion. There is, however,
visual information that can and should be ignored to achieve the goal. In complex
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situations such as driving, there is visual information presented simultaneously in the
center and in the periphery that must be attended to in order to remain safe (Recarte &
Nunes, 2003).
If the useful field of view is restricted as a result of poor vision or under
conditions of high arousal, important peripheral visual information may not be attended
to resulting in a crash (Mills, Spruill, Kanne, Parkman, & Zhang, 2001; Wheatley, 2001).
This would be the case when an individual does not detect a vehicle moving at a
dangerous speed toward the intersection from a side street and fails to brake in time to
avoid a collision in the intersection. Based upon the useful field of view construct, there
are three possible explanations for the individual’s failure to avoid the danger presented
by the fast-moving car on the side street. One is that the processing speed of the
individual was not fast enough to detect and respond to the approaching danger with a
press of the brake pedal. Another is that the individual was attending closely to some
highly salient but less relevant stimuli such as the yellow flashing lights of a tow-truck in
the next lane. A third explanation is that the individual was highly focused on the car
ahead just as the fast moving car on the side street moved into the individuals peripheral
field of view. A more basic explanation is that the fast-moving car was not seen due to
low visual acuity.
Basic visual processes are measured by optometric indices such as visual acuity,
contrast sensitivity, and visual field. Of course, if visual processing is diminished, the
useful field of view will be smaller than if visual processing is good. In contrast, vision
screening may indicate that visual processing is good and yet the range of the useful field
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of view is restricted. Therefore, useful field of view is considered a functional ability that
is of interest to human factors researchers (Wheatley, 2001). The construct evolved, in
fact, as researchers in applied gerontology began to examine factors that influence
driving safety in older adults. As adults age, they experience a restriction in the range of
the useful field of view. The findings from the research that follows suggest that useful
field of view and the attentional components that comprise it are highly predictive of
driving performance.
McGwin, Chapman, and Owsley (2000) examined the relationship between selfreported driving difficulty and visual acuity, contrast sensitivity, disability glare, and
useful field of view in a large sample (N = 375) of older adults between the ages of 55
and 85. Driving difficulty was measured by the Driving Habits Questionnaire (DHQ)
which includes eight Likert-type questions of driving difficulty. The questions asked
participants to rate difficulty of driving in rain, on the interstate, on high traffic roads,
during rush hour, alone, making left-hand turns, and parallel parking. Other variables,
including age, gender, and cognitive impairment were also assessed.
McGwin et al. (2000) found that most respondents did not report driving
difficulties across the full range of the Likert-type scale in any of the DHQ items. Most
reported no difficulty; therefore, responses were coded as “no difficulty” or “difficulty”.
Those who reported driving difficulty on all questions were more likely tc have had
poorer visual acuity and poorer contrast sensitivity than those who reported no difficulty.
In addition, those with cognitive impairment and those with poorer scores on the useful
field of view test were more likely to report driving difficulty in highly demanding
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driving conditions than those with better scores on cognitive impairment and useful field
of view. When age, driving time, and cognitive impairment were statistically controlled
for in the regression analysis, McGwin et al. (2000) showed that visual acuity and
contrast sensitivity were predictive of self-reporte I difficulty in most difficult driving
situations.
The strongest critique of this study is the use of a self-report questionnaire to
assess driving difficulty. It is possible that older people who are highly reliant upon
driving for independent living may under-report driving difficulty for fear that they will
lose their driving licenses’. This conclusion is also warranted given McGwin et al.
(2000) finding that the participants in the study were unlikely to report any driving
difficulty despite the fact that all participants were being evaluated for cataract surgery.
A replication of the study in a sample of older adults who are not under evaluation for
cataract surgery would provide data that is more representative of the population.
Problems with accuracy in self-reporting driving problems as evidenced in this study
suggest that performance-based measures of driving are necessary. Performance-based
measures would also address theoretical issues regarding age-related changes in cognitive
processing and provide a higher degree of ecological validity which would be valuable
for those working in applied settings such as rehabilitation therapy programs and drivers
license regulation agencies.
A large sample of older adults was included in a study that sought to determine
which variables were associated with the avoidance of difficult driving situations (Ball,
Owsley, Stalvey, Roenker, Sloan, & Graves, 1998). The factors assessed were visual
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acuity, contrast sensitivity, visual field sensitivity, useful field of view, and cognitive
status. Avoidance of difficult driving situations was assessed by the DHQ.
It was found that a greater degree of avoidance was associated with poorer vision
and with cognitive impairments. It was also found that cognitive impairment was
associated with poorer useful field of view. The relationship between cognitive status
and driving avoidance was weaker for the

who demonstrated greater cognitive

impairments. These findings would suggest that some older drivers with cognitive
impairments fail to avoid situations that place them at greater risk for auto crashes. A
disproportionate number of accider
have mild cognitive impairments

m older adults may be incurred by those few who
addition to a restricted range in useful field of view

(Ball & Rebok, 1994).
Owsley, Ball, Sloane, Roenker, and Bruni (1991) examined visual system health
status, visual sensory function, useful field of view, and cognitive status in order to
predict auto crashes in a sample (N = 53) of older adults. Driving records from the past
five years, including number of crashes, were obtained from the Department of Public
safety for each participant. All participants in this study had been given a diagnosis of
ige-related eye health problems including cataract and macular degeneration, diabetic
etinopathy, and glaucoma. A battery of visual tests was employed to determine visual
ystem functioning. The useful field of view, including subtests of processing speed,
ilective attention, and divided attention was measured. Cognitive status was assessed
ith the Mattis Organic Mental Status Syndrome (MOMSSE; Mattis, 1976). In addition,
e DHQ (Owsley, et al., 1991) was administered.
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According to Owsley et al. (1991) findings, the strongest predictor of crashes was
the size of the useful field of view. The next most predictive factor was cognitive status
which was strongly correlated with useful field of view. The other two sets of variables,
eye health and visual function, were associated with number of crashes but only through
their correlations with useful field of view. This is an important finding because it
suggests that regular eye exams and the presence of eye disease do not provide enough
information to make a decision regarding driving safety.
There are several drawbacks that should be taken into consideration when
evaluating this study. One drawback is that crashes are a fairly rare occurrence in older
adults. This makes crashes a dependent variable with low sensitivity. Another is that
crash data was examined retrospectively. Having had a crash may have caused a
restricted range in useful field of view in this sample. A third drawback of this study is
that a large number of variables were included to predict crashes, but results were based
an a relatively small number of data points. Replication and extension of this research
nay include direct measures of driving performance that would be more sensitive to
ictual driving ability than collection of crash data from the past. It would be helpful to
ise a larger sample of older participants and participants from other age groups to
etermine whether useful field of view is the strongest predictor of driving performance
1 people

of all ages.

In a longitudinal study, Owsley et al. (1998) examined the contribution of visual
sk factors to risk for auto crashes in a large sample of older adults. Owsley et al. (1998)
eluded measures of visual acuity, contrast sensitivity, depth perception, disability glare,
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visual field sensitivity, and useful field of view. Crash reports for each participant were
obtained after a three-year follow-up period. Also measured were mental status, the
presence of chronic diseases, the amount of driving in days per week, and the amount of
driving in miles per year.
Owsley et al. (1998) used mental status, chronic disease, and driving time as
control factors in estimating the contribution of visual risk factors to occurrence of auto
crashes. It was found that of the visual risk factors, restricted range in useful field of
view made the greatest contribution to the prediction of auto crashes in the follow-up
period. The three components of useful field of view, processing speed, selective
attention, and divided attention, were evaluated individually to determine whether
decrements in any one component contributed more to prediction of crashes than
decrements in another. Owsley et al. (1998) found that impairment in divided attention
was significantly associated with crash occurrence but processing speed and selective
attention were not. The authors concluded that useful field of view should be used to
evaluate the older adults’ ability to drive safely. Future studies should determine whether
Owsley et al. (1998) findings regarding the significance of divided attention above and
beyond processing speed and selective attention can be replicated.
Sims, McGwin, Allman, Ball, and Owsley (2000) conducted a prospective study
to identify factors that were associated with auto crashes. The study employed a sample
of crash-involved, older adults. The factors that were measured included health status,
medication usage, cognitive status, instrumental activities of daily living, basic activities
tf daily living, driving history, mobility, useful field of view, and number of crashes
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experienced in a five-year follow-up period. Data were analyzed for those alive and still
driving at the time of the follow-up.
Sims et al. (2000) found that the factors most predictive of crashes included stroke
or transient ischemic attack, use of hypnotic medications, functional limitations in
instrumental activities of daily living (i.e., light house- or yard-work), depression, and
restricted range on the useful field of view test. Unlike findings from the previous studies
that employed the useful field of view (Owsley et al., 1998; Owsley et al., 1991), findings
of this study suggest that other factors, in addition to useful field of view, predict driving
ability in older adults and should be considered in driving research with older adults. The
sample in this study was a select one including only crash-involved older adults. A
replication of this study may sample from the general population of older adults to
determine how important physical and mental health variables are in determining driving
performance in older adults.
Myers, Ball, Kalina, Roth, and Goode (2000) conducted a study to identify tests
that would be most predictive of on-road driving performance in a clinical sample of
older adults. The participants had a range of diagnoses that required physical
rehabilitation services. Myers et al. (2000) employed a battery of tests including the
useful field of view, a brake pedal reaction time test, and a divided attention peg-board
test where patterns drawn on a paper were to be replicated with pegs and a peg-board.
Concurrently a peg was to be inserted in a board every 15 seconds. Also included were a
naming objects test, and a naming road signs test. Additionally, on-road driving was
evaluated.
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It was found that, except for the two naming tests, all of the measures employed
were predictive of driving performance. Useful field of view was the strongest predictor
of on-road driving performance. A model with one variable, useful field of view,
predicted driving performance as well as a model that included useful field of view and
the other variables. The authors of this study (Myers et. al., 2000) suggested that this
study should be replicated with a larger battery of assessments including cognitive status,
executive functions, and judgment tests that may be predictive of on-road driving
performance. A broad range of cognitive measures that have been used in clinical and
non-clinical samples of older adults, in addition to useful field of view, may provide
information about specific age-related cognitive changes that influence driving ability.
An extension of Myers et al. (2000) may include healthy older adults and a control group
of younger adults in order to limit some of the variability and potentially confounding
factors associated with the use of a sample of older adults requiring rehabilitation.
A study was conducted by Wood (2002) to determine which tests of visual
performance would predict driving performance on a closed-road driving course in
young, middle-aged, and older adults. Visual measures used in this study included the
absence or presence of visual diseases, visual acuity, contrast sensitivity, motion
sensitivity, peripheral vision, and glare sensitivity. A test of useful field of view was also
included as a measure of visual processing.
The driving test required that participants report any road signs that they saw on
the course as they drove and that they identify, report, and avoid any strategically placed
road hazards. The participants also maneuvered the test car between traffic cones that
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were spaced an adequate distance for the car to pass through. Likewise, they were to
avoid driving the car between sets of cones that were not adequately spaced. The drivers
were also required to respond to lights on the driving course with a press of the brake
pedal in a task of divided attention. A composite driving score was created from the
tasks listed here.
Wood (2002) found that the oldest drivers had the lowest composite driving score
of all of the age groups. The drivers with visual diseases had the slowest times around
the closed- road course. It was found that the oldest group of drivers had the lowest
scores on the useful field of view test and the lowest scores on most other visual tests.
The oldest adults identified fewer road signs and were less likely to identify and respond
to red lights than younger drivers. In a regression analysis, several variables were
determined to predict driving performance including useful field of view, contrast
sensitivity, motion sensitivity, and dynamic visual acuity. Visual disease was not a factor
that predicted driving performance in this study.
The use of a driving course provides high ecological validity in the applied
studies of driving in the elderly. Wood (2002) acknowledged, however, that it is cost
and time-prohibitive to use closed-road driving courses to test the ability of older drivers.
Computerized measures of motion sensitivity and dynamic visual acuity in addition to the
useful field of view, a static measure of attention, were shown enhance the prediction of
driving performance.
Goode, Ball, Sloane, Roenker, Roth, Meyers, and Owsley (1998) conducted a
case control study that compared crash-involved and non-crash involved older adults (55
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vrs and older). 1hose who were involved in crashes were over-sampled in this study in
order to obtain a range of scores on the outcome variable, number of crashes in the past
five years. The predictor variables examined in this study included several common
neuropsychological tests of memory, attention, and a mental status screening measure.
The Trail Making Test, Parts A and B, the Visual Reproduction Subtest of the Wechsler
Memory Scale, The Rey-Osterrieth Complex Figure Test, and useful field of view were
the battery of cognitive performance measures.
Goode et al. (1998) found that useful field of view was predictive of crashes and
displayed high sensitivity and specificity in identifying crash-involved and non-crashinvolved adults. In a separate analysis, the mental status screening measure and the
Trails A test were the cognitive measures most predictive of crashes but did not achieve
the sensitivity and selectivity that was shown by useful field of view. Goode et al. (1998)
also reported correlations between useful field of view and the cognitive performance
measures. The strongest correlations were between the time on Parts B and A of the Trail
Making test and useful field of view (r = 0.52 and 0.51 respectively). The correlations
between visual memory with useful field of view and the mental status and usefiil field of
view were also strong (r = -0.46 and 0.45 respectively). When a pass, no-pass criterion
of 40% on useful field of view scores was established, several demographic variables
showed significant correlations with passing scores including age where the con-elation
was 0.56 and education where the correlation was -0.20. Gender was not a demographic
variable that was correlated with passing or failing the useful field of view.
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Fitten, Perryman, Wilkinson, Roderick, Bums, and Pachana (1995) compared the
driving skills and cognitive performance scores on the Mini-Mental Status Examination
(MMSE; Folstein, Folstein, & McHugh, 1975) of four groups of older adults.
Comparisons were made between a group with mild Alzheimer’s disease (AD) (MMSE
M - 23.2), one with vascular dementia (MMSE M —25.4), a group with diabetes (MMSE
M= 27.0), a healthy control group (MMSE M —29.2), and a young control group
(MMSE M= 29.9). The cognitive performance measures included a visual tracking test,
divided attention test, sustained attention test, and the Sternberg Memory Test. The
driving test was conducted on a modified closed-road course and was scored by a driving
instructor. The driving scores included an overall score and total driving time around the
course.
Comparisons between the groups on all measures showed that the AD and
vascular dementia groups had significantly lower driving scores and slower driving times
han the non-dementia groups. The AD group had lower visual tracking scores than the
ascular dementia group and the other non-dementia groups. Likewise, the AD group
ad lower divided attention and Sternberg scores than the other groups. Fitten et al.
1995) showed that cognitive performance scores that were most predictive of drive
lores were the Sternberg test, the MMSE, and the visual tracking scores.
In a two-year follow-up, it was found that the AD group was more likely to have
id collisions or moving violations as compared to the vascular dementia group and as
'inpared to the other non-dementia groups. Dementias such as AD and small vessel
sease are more likely to result in progressively deteriorating driving abilities, whereas
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dementia that is the result of a one-time CVA may result in limited disruption of driving
ability. Thus findings that suggest that older adults with AD have more accidents in a
two-year follow-up period would not be suiprising.
Duchek, Hunt, Ball, Buckles, and Morris (1998) compared three groups of older
adults, healthy controls, those with very mild AD, and those with mild AD on tests of
attention and an on-road driving test. The degree of AD was determined by the
Washington University Clinical Dementia Rating Scale (CDR) (Hughes, Berg, Danziger,
Coben, & Martin, 1982). The CDR is a 90-minute interview with the person suspected of
experiencing dementia and with that person’s primary care-giver. The areas assessed on
the CDR are memory', orientation, judgment and problem-solving, community affairs,
home and hobbies, and personal care. CDR scores of 0, .5, and 1 represent no dementia,
very mild dementia, and mild dementia respectively.
Measures of visual attention including the useful field of view test, a visual search
test, and a test of sustained and divided attention were included. The useful field of view
has been described previously. The visual search test presented a target letter on a
computer screen and was followed by an array of either two, four, or six letters. Half of
the time, the target letter appeared amidst the array in one of six possible positions, but
the other half of the time the target letter did not appear within the array. If the
participant detected the target letter amidst the array, they pressed the “yes” key on a
con-muter keybn

’ If they

■■not detect the letter, they pressed ihe “no key on the

keyboard. Reaction time and accuracy on the visual search test were measured.
Accuracy was evaluated with signal detection measures. Responding on the “yes” key
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when the target was present and responding on the “no” key when the target was not
present constituted hits. Errors where either misses, responding “no” when the target was
present, or false alarms, responding “yes” when the target was not present.
The sustained attention task required the participant to detect an occasional “x”
that appeared in a column of zero’s that scrolled up a computer screen. When “x’s” were
detected, the participant was instructed to press a key on the computer keyboard. The “x”
appeared approximately 70 times within the column of 875 zero’s (8 % of the time).
Similarly, the divided attention task presented two columns of zero’s, spaced so that eye
movement was required to monitor each column as they scrolled up the screen. An
occasional “x” was presented in each column at different and varying intervals, and the
participant was required to press a key on the computer keyboard when they detected an
“x”. For each of the tasks, response accuracy (i.e., hits, misses and false alarms) were
measured.
General measures of cognitive processing included by Duchek, et al. (1998) were
the Boston Naming test, the Wechsler Memory Scales, the Benton Visual Retention Test,
the Word Fluency test, and the Wechsler Adult Intelligence Scales, and the Trail Making
Test (Parts A and B). For the driving test, participants drove on city streets and were
evaluated on maintaining speed, obeying traffic signs, signaling, turning,

cmg lanes,

and negotiating intersections.
The between-group analyses conducted by Duchek et al. (1998) compared the
three dementia groups on useful field of view, visual attention, cognitive processing, and
driving performance, in a set of regression analyses, driving performance was also used

23

as the criterion variable, and the various measures of sustained and divided attention, and
cognitive processing were entered as predictor variables.
The between-group analyses found that those with mild dementia performed more
poorly on the driving test than those with very mild dementia and those with no dementia.
The mild dementia group required significantly more time on the visual search task than
the other two groups when the array included six letters. This group was also more likely
to produce false alarms on the visual search task than the other two groups. The mild
dementia group also made more false alarms than the other two groups on the divided
attention task. All groups showed a lower accuracy rate on the divided attention task than
on the sustained attention task, but there were no between group differences on the
sustained attention task.
On the useful field of view test, the mild dementia group showed a greater
reduction in range than the other groups, l he very mild and the no dementia group did
not differ in tv

,eduction in useful field of view. On all tests of cognitive

processing, the mild dementia group performed more poorly than the very mild dementia
group and the very mild dementia group performed more poorly than the no dementia
group.
The regression analyses showed that errors in visual search performance were a
significant predictor of driving performance, accounting for the largest portion of the
variance in driving performance. In a second analysis that included the other cognitive
tests, the WAIS block design was the strongest predictor of driving performance. The
Boston Naming test contributed to the prediction of driving performance to a lesser
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degree, but the other cognitive processing measures did not. In a third analysis that
included the CDR scores and all of the other measures, it was shown that the Boston
Naming Test and the visual search, sustained attention, and divided attention scores
predicted driving performance above and beyond severity of dementia. One difficulty
with this study is that the useful field of view was not administered to all participants;
thus, the regression analysis that included useful field of view was of limited value
because the sample size was greatly reduced. Thus, it was not possible to determine
whether useful field of view was more valuable in a prediction of driving than the visual
search task. A replication of this study should include the useful field of view as a
variable in addition to other visual attention measures and in addition to cognitive
processing measures such as the Boston Naming Test.
Llaneras, Swezey, Brock, Rogers, and Van Cottt (1998) conducted a study with a
wide age range of commercial drivers to identify the effects of age on perceptual,
cognitive, and motor processes on skills associated with driving and on direct measures
of driving performance. Static and dynamic visual acuity, contrast sensitivity, useful
field of view, depth perception and field dependence were the perceptual abilities
measured. In this study, field dependence is defined as the ability to perceive relevant
targets embedded within a complex scene. Decision-making, selective attention, divided
attention, and information processing were the cognitive abilities measured.
The field dependence test employed by Llaneras, et al. (1998) presented traffic
sign targets amidst other shapes on a computer screen. Participants were required to
locate the position of the target on the screen within 15 s and to indicate the position by
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the movement of a joystick. Decision-making was tested with a choice reaction time test
that presented brake lights in one, two, or three lanes. One of three options, swerve left,
swerve right, or brake were possible depending upon the lane that the brake lights
appeared. A joystick was used to swerve left or l ight. The selective attention task
employed was one in which the participants were required to indicate the direction of
orientation of an arrow presented on a computer screen in one block of trials, then
indicate the position of the arrow in another block of trials. The information processing
test used was the Trail Making Test (Parts A and B). The divided attention task required
participants to monitor movement of a cross and make a response when the cross reached
a goal box in the center of a computer screen while simultaneously indicating the
direction of a moving arrow with a joy stick. Motor coordination, control precision,
tracking, and range of motion tests were the motor processes measured. Direct measures
of driving performance were gathered in a highly realistic truck-driving simulator and
included measurement of mirror checks, scanning, speed control, and lane position
depending upon the scenario presented. An overall score of driving performance on a
scale from one to five was assigned.
Llaneras, et al. (1998) found that age was associated with decrements in nearly all
perceptual, cognitive, and motor abilities. The rate of age-related decline was not
identical for all types of tasks, however. For example, reaction time on the decision
making task was slower in older drivers but accuracy on the same task was not
diminished. The largest age-related change was seen on the useful field of view where
significant changes in range of useful field of view were most pronounced after the age of
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65. Age alone did not contribute significantly to a prediction of driving simulator
performance, but divided attention, depth perception and useful field of view contributed
to the prediction of driving performance. The other tests were not highly predictive of
driving simulator performance. The findings presented here suggest that attentional
factors and depth perception contribute more to safe driving performance than laboratorybased measures of decision-making, information processing, and motor control.
Edwards, et al. (2005) used a sample of participants, aged 50 or older, to
determine the relationship between three methods of testing useful field of view. The
original method required the participant to stand in a booth with her chin in a chin rest.
Lights were presented at various eccentricities from the participant’s central fixation
point. When the participant detected a light, she was required to touch the spot where the
light appeared. This original method required 30 minutes for testing. A newer, PC-based
version presented objects in various eccentricities and the participant was instructed to
make comparisons between the centrally presented targets with peripherally presented
targets and to locate the correct target in space by touching the screen. Another version
of the useful field of view is similar to the method just described except that the
participant is required to use a mouse to locate the appropriate target in space.
Edwards et al. (2005) found that each type of useful field of view test was
indirectly related to age and visual function and directly related to education. The scores
from the PC-based assessments of useful field of view are highly correlated with each
other and with the original assessment of useful field of view. These findings suggest that
a low-cost, PC-based program can validly measure useful field of view.

27

Research reviewed herein indicates that driving history is predictive of driving
performance (Freeman, 2005; Goggin & Keller, 1996). Studies cited herein also suggest
that measurement of useful field of view is consistently predictive of driving performance
using direct and indirect assessments in older adults. Studies also suggest that useful
field of view and cognitive ability are correlated (Ball, et al. 1998; McGwin, et al. 2000;
Owsley et al. 1991). In addition, several studies have shown that one of the most
important attentional factors measured is divided attention (Owsley, et al., 1998; Wood,
2002). In fact, Li .neras et al. (1998) concluded that performance on visual attention
measures were more predictive of driving performance that other cognitive measures.
Studies reviewed herein which employed other measures of visual working memory (i.e.,
visual tracking and visual search) suggest that performance on these tasks are also
predictive of driving performance (Duchek, et al. 1998; Fitten et al., 1995). The study
presented below included the useful field of view and several other measures mentioned
previously including a visual search task, a field dependence test, and a test of driving
performance. Research presented below makes a case for the use of indirect measures of
driving performance, namely a PC-based virtual reality test of driving as the criterion
variable in a regression model to assess driving performance in younger and older adults.
Indirect measures o f driving performance. The studies presented below examine
the research related to the development of a PC-based (i.e., virtual reality) driving
program that is low-cost, safe, and easy to administer. The forerunner to the PC-based
driving program was a computerized task similar to the useful field of view test.
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Mills, Parkan, Smith, and Rosendahl (1999) used highway patrol cadets in
research that tested target identification and visual scanning, divided attention, and
directional scanning. These computerized tasks, referred to as performance on line tasks
(POL) were devised to be similar to skills required for safe driving. The tasks are also
very similar to the useful field of view test that was used in many of the studies discussed
earlier (See Ball et al., 1991; 1998). The cadets were presented with basic shapes in the
center of the screen and basic shapes that extended in four directions to the periphery of
the screen. They were instructed to monitor the center and periphery shapes and told that
the appearance of particular shapes required computer key press responses from them.
All of the cadets completed the task twice. Half of the cadets were given feedback about
improving performance on the task after the first administration. The other half were not
given performance feedback. In addition, driving performance was tested on a closedroad course.
The following is a description of the POL computerized task. The shape in the
center of the screen was a rectangle bisected by a yellow line that represented the yellow
line that divides the lanes of traffic on a road. The left and right half of the rectangle
displayed either two red lights or two white lights that represented taillights or headlights
in the traffic lanes. The red and white lights were presented simultaneously in one of
four combinations; 1) white in the left half and red in the right half, 2) red in the left and
white in the right, 3) red in the left and right, and 4) white in the left and right. When the
first combination, the one that simulated a safe traffic scenario, was presented, the
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participant was instructed to press a space bar. The participant was instructed to do
nothing when one of the other three combinations appeared.
in some trials, response to stimuli in the center of the screen was the only
response required. In other trials, at the same time that the red and white lights v/ere
presented in the bisected rectangle, shapes were presented in the periphery of the screen.
Thus response to both center and periphery stimuli was required. When the target stimuli
appeared in the periphery of the screen, a key press that indicated the direction and
position of stimuli was required. On some trials the shape of the target stimuli changed,
on some trials the colors of the shapes changed. These changes increased the difficulty of
discriminating the target. The shape and color changes increased the difficulty of
accurate responding. The easiest discriminations were presented in the beginning of the
task and the most difficult di scriminations were presented at the end of the task. When a
red octagon (i.e., a stop sign) appeared, participants identified the location where the
octagon appeared on the screen. The arrow keys were used to identify the location. This
was the first and easiest level. In more difficult levels, an octagon that was not red but
the same color as the other shapes on the screen was the stimulus that required response.
The dependent measures discussed by Mills et al. (1999) were decision accuracy in single
stimuli (either centrally or peripherally presented) and in multiple stimuli conditions
(both centrally and peripherally presented).
Mills et al. (1999) found that the group that was given performance feedback
showed no improvement on decision accuracy in the easiest or most difficult levels of the
computerized task as compared to the group that was not given feedback. It was also
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shown that the cadets that had the best on-track driving performance had the best decision
accuracy on the computerized task. Likewise, the cadets with the poorest on-track
performance had the poorest computer performance. The largest differences in decision
accuracy scores between the best and the poorest drivers appeared on the most difficult
levels of the computerized task.
The results described above indicate that decision accuracy in tasks of divided
attention were associated with closed-road driving performance. This was shown to be
true in the most difficult divided-attention trials. This conclusion would suggest that
complex computerized tasks would be valuable in assessing driving performance in the
general public. One drawback of this study, however, is that the sample was small and
included a select group of men with a narrow age range (between 22 and 36 yrs). Young
highway patrol cadets were likely to be very motivated to perform well on tasks
presented at the training site. Another drawback of this study is that the on-track driving
test was one geared especially to measure skills required by highway patrolmen. This
study could be improved if replicated with men and women from the general population
and replicated with participants in a larger age range. Finally, it is possible that
performance feedback from earlier trials would make a difference in performance on later
trials in samples of older adults from the general population.
Mills and Hubal (1999) conducted a study to determine the validity of a PC-based
partial training task called Profiler, a complex driving task, against the basic
computerized task of attentional abilities (performance on-line task, POL) from which it
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was designed. In addition, the Profiler scores were validated against direct measures of
driving on a closed-road course.
The POL task was described in detail previously. A description of the Profiler
task is as follows. The Profiler presents a virtual closed road driving course in which the
participant uses a steering wheel, brake pedal, and a blinker-like paddle to navigate and
respond to hazards that appear as the course is driven. The hazards consist of vehicles,
animals, and people that appear along the driving course. Response to red stop signs and
red lights is required. The Profiler software gathers data on the participants scanning, and
divided attention skills, as well as steering and collision avoidance during a 15 minute
test. The test presents five levels of difficulty. The first levels are the easiest and the later
levels are the most difficult. Similar to the POL and the useful field of view tests, the
Profiler presents stimuli both centrally (to the fovea) and peripherally. In addition, the
Profiler presents movement through space and time.
The Profiler is similar to the POL and the useful field of view tests in that some
trials require that attention be concentrated to the central targets, some trials require
attention be directed to peripheral targets, and some trials require that attention be divided
between the central and peripheral targets. In addition, the Profiler provides several types
of irrelevant distracters that require selective attention. Unlike the POL which requires
key-press responses on a computer key board, or the useful field of view which requires
responses with a mouse click, the Profiler uses a steering wheel and a brake pedal that
boost the realism of the test. The steering wheel and brake pedal require realistic
psychomotor activity not required in useful field of view or POL. Furthermore, the
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Profiler presents a highly complex visual environment and presents many trials to
measure reaction time and accuracy in selective and divided attention. This also boosts
the realism of the task over the POL task. Profiler uses the scoring algorithm from the
POL that measures speed of processing, divided attention, and selective attention over 36
trials in each of five levels of difficulty (Mills & Hubei, 1999).
Highway patrol cadets performed the POL, the Profiler, and drove a police cruiser
on the closed-road track. Scores on the POL were correlated with closed-road driving
scores and the Profiler scores, and the Profiler scores were correlated with the driving
scores. The correlations between the POL scores and the driving scores ranged between
.04 and -.43. The correlations between the POL and the Profiler scores were stronger (r =
.41-.49) than the correlations between closed-road driving scores and Profiler scores (r =
-.27 - .29). Low to moderate negative correlations between Profiler scores and closedroad driving errors were obtained. The driving scores included many items unrelated to
the attentional processing measured by the computerized tests such as posture, use of
rear-view mirrors, and pursuit speed. The low correlations between the driving scores on
the highway patrolman test and the Profiler scores are somewhat surprising, because the
Profiler appears to be more like driving than its counterpart, the POL.
Using another PC-based driving simulator, Lee and Lee (2005) conducted a 3year longitudinal study to determine which simulated tasks would predict driving
violations in a sample of older drivers. The PC-based driving simulator presented 10
driving tasks, some of which were similar to on-road driving tasks, some of which were
similar to assessments of cognitive processes. As an example of the former, use of
fe
I
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blinker before changing lanes when the driving lane was obstructed was assessed. As an
example of the latter, a sign that read ‘subtract’ was displayed multiple times during the
test, at which time the older driver was instructed to subtract five from 100, then subtract
another five and so on. This was an assessment of working memory where accuracy was
the dependent variable.
Lee and Lee (2005) found that driving simulator performance was indirectly
related to age of participant, and the two aforementioned variables, use of blinker and
accuracy on the working memory test were most strongly associated with driver violation
points on file with the Department of Motor Vehicles over the course of three years. The
authors of this study suggested that a PC-based simulator can present complex traffic
scenarios comparable to those encountered in real-world driving, but it is unclear why
more of the ten variables, some of which were ecologically valid, were not strongly
associated with driver violation points. Age influences a number of cognitive processes
and especially driving performance. Time of day also influences driving performance.
The impact of time of day on cognitive performance will be reviewed below and rationale
will be developed to support the examination of the impact of time of day on driving.
Time of Day Effects on Memory
Home and Ostberg (1976) suggested that the impact of time of day on memory
performance may depend upon whether the person was a morning type (M type) or
evening type (E type) individual. They created a self-report measure, which indicted that
45% of adults can be classified as either moderate to extreme M or E types. Home and
Ostberg (1976) reported that E types had a lower body temperature in the morning than
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M types and showed a steady rise throughout the day reaching a peak in middle evening.
M types on the other hand showed a steeper rise in body temperature in the morning,
which leveled off to an earlier peak than E types. After peak time, there is an equally
rapid decline in temperature for both groups.
Home, Brass, & Pettitt (1980) reported that performance on a production-line
inspection task was better for M types in the morning, while performance of E types
improved across time of day. Petros, Beckwith, and Anderson (1990) demonstrated a
similar pattern of results on a prose memory task. Subjects listened to two easy and two
difftcult passages at either 0900, 1400, or 2000 h. Immediately after listening to each
passage, written free recalls were obtained. The results indicated that recall decreased
across time of day for M types but increased across time of day for E types.
Previous work has demonstrated that prose recall, word list recall, and measures
of working memory are influenced by aging. In addition, these same memory measures
are also influenced by the time of day that subjects are tested. Several studies have been
published that suggest that the size of adult age differences in memory performance may
be modulated by the time of day that subjects are tested.
Time of Day Moderates Age Related Changes in Memory
Many researchers have found that individuals, regardless of age, have an optimal time
of day when they will perform the best in most types of cognitive testing (IntonsPeterson, Rocchi, West, McLellan, & Hackney, 1998; May, Hasher, & Stoltzfus, 1993).
Most older adults have a morning preference whereas younger adults show an evening
preference (May et ah, 1993; Intons-Peterson, et ah, 1998). In relation to the sleep studies
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to be discussed below, older adults have a tendency to go to bed at earlier times and wake
up earlier due to a differing circadian cycle than their young counterparts. Thus older
adults are more fatigued during testing times that occur later in the day. However, this
early going to bed and rising may be the result of social and environmental considerations
such as work schedules, children’s routines, etc. rather than differences in circadian
cycle. (Intons-Peterson et al., 1998). May et al. (1993) found that older adults correctly
recognized slightly more sentences than younger adults when both groups were tested in
the morning, the preferred time of day for older adults. However, when tested in the
afternoon, a preferred time of day for younger adults, younger adults correctly recognized
significantly more sentences than the older adults did. Given that many subjects in
cognitive aging studies have been tested in the afternoon, May et al. (1993) suggested
that memory studies of older adults have underestimated memory performance in the
elderly by testing older adults at their non-optimal time of day.
Negative priming measures an inhibition process of attention which improves
efficiency when selecting from multiple sources of stimuli by filtering out stimuli that are
not relevant for achieving task goals (May & Hasher, 1998). When the typical response
time to a target stimulus that is the identical or similar to distracting stimuli presented on
an immediately preceding trial is slowed the effect is called negative priming (Gamboz,
Russo, & Fox, 2002). Intons-Peterson, et al. (1998) examined time of day preferences in
young and old ad ults and found that the majority of older adults prefer the morning as
their optimal time of day while younger adults prefer activities later in the day. In
addition, using a negative priming task, Intons-Peterson et al. (1998) found that both
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younger and older adults tested at their preferred time of day showed negative priming.
This is in contrast to previous work that reported that younger but not older adults
manifest negative priming when their task was to identify the stimulus (e.g., Hasher,
Stoltzfiis, Zacks, & Rypma, 1991). Therefore, Intons-Peterson et al. (1998) demonstrated
the importance of accounting for optimal time of day when interpreting the results of
cognitive aging research.
Using a garden-path procedure, May and Hasher (1998) also found time of day
effects on inhibitory' processing involving semantic knowledge. Older adults exhibited
poorer inhibition than younger adults and this was especially true when older adults were
tested at their non-optimal time of day. Brown, Goddard, Lahar, and Mosley (1999)
tested younger, middle-aged, and older participants between 0830 to 1215 h and between
1230 to 1730 h representing morning and evening testing times respectively. They found
that age significantly predicted performance on a verbal fluency test and the TrailMaking Test, but not on a vocabulary test, but time of day did not predict performance
for any of the three types of tasks.
Smith et al. (2001) administered the logical memory subtest and word list recall from
the Wechsler Memory Scale - Third Edition (WMS III; Wechsler, 1997) to younger and
older adults at either 0900 or 1500 h. Younger adults recalled more than older adults at
both times of day, but the size of the age difference was larger at 1500 h than at 0900 h.
Therefore, Smith et al. (2001) found that time of day moderated the size of the age
differences observed which is consistent with the results of May and Hasher (1998) but
inconsistent with the results of Intons-Peterson et al. (1998) and inconsistent with those
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Of Brown et al. (1999). This study examined whether time of day moderated the size of
the age difference in driving and cognitive tasks related to driving in older to evaluate
whether older adults were at higher risk for accidents when they drove at their nonoptimal time of day. Two other factors that are thought to influence the impact of age
and time of day on driving are sleep quality and fatigue of the participant, especially
older adult participants.
Sleep quality and performance in younger and older adults. Some statistics
indicate that between 20% and 30 % of older people complain of poor sleep (Bliwise,
1992; Roberts, Shema, & Kaplan, 1999). Other studies report much lower levels of poor
sleep in all older people (Roberts, et al., 1999; Vitiello, Moe, and Prinz, 2002). Previous
research also suggests that older women report poorer sleep quality than older men
(Bliwise, 1992; Roberts et al. 1999). Lichstein et al. (2001) found that psychological
functioning was related to insomnia and excessive sleepiness and that older women were
more likely to have problems with psychological functioning than older men. It may be
predicted from these findings that older adults who report poorer sleep quality exhibit
more problems with cognitive processing.
Hoch, Reynolds, Jennings, Monk, Buysse, Machen, and Kupfer (1991) found that
at various times throughout the day, older and younger (80 and 20 yrs) adults did not
differ in the time it took them to fall asleep nor did they differ in subjective reports of
sleepiness. On a vigilance test, the older adults showed slower reaction times, a lower hit
rate and a higher rate of false alarms than younger adults. In addition, day time
sleepiness and performance on the vigilance test were not found to be correlated.
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Although this study did not evaluate sleep quality per se, these findings call into question
the assumption that sleepiness is the source of age-group differences on measures of
vigilance.
Other findings support this conclusion. For example, Smulders, Kenemans,
Jonkman, and Kok (1997) measured the effects of sleep deprivation (28 hours) or no
sleep deprivation on three choice-reaction time tasks in younger and older adult males.
Those who were sleep deprived had longer reaction times and more errors of omission
than non-sleep deprived subjects. In contrast, older men who were sleep deprived
committed fewer errors of omission than younger men who were sleep deprived. It was
concluded that older men were better able to compensate for the negative effects of sleep
loss (fatigue and lapses of attention) than younger men when performing vigilance tasks.
Fatigue and driving in older adults. Using in-depth case studies at or around the
time of a fatal car crash for a five year period, Suinmala and Mikkola (1994) determined
that inattention was the most common cause of crashes in the oldest drivers. As the age
of the driver at fault for the fata! crash increased, the likelihood that inattention was the
cause increased. Summala and Mikkola (1994) found that the second most common
cause of crashes was fatigue, especially in middle-aged adults. As the age of the driver
increased, the likelihood that fatigue was the cause of the crash decreased.
Additional data regarding number of hours slept the night before the crash
occurred was also collected. For all ages of driver, those at fault for crashes were likely
to report shorter sleep times the night before the crash. Furthermore, data that examined
the time of day of the fatal crash and the age of driver indicated that fatigue was the cause

39

of crashes in the youngest drivers between midnight and 0600. In contrast, fatigue was
the cause of crashes in the oldest drivers between 1500 and 1800 h.
The work of Summala and Mikkola (1994) lacked an experimental design that
would make it possible to tease apart the effects of inattention, fatigue, and age on
driving ability. Nonetheless, the descriptive analysis of the data suggests that older
drivers are most at risk for a crash during the mid-afternoon (i.e., peak driving time),
especially if they had experienced fewer than 7 hours of sleep the night before. Summala
and Mikkola (1994) suggested that older drivers were less likely to drive during the
evening hours when fatigued. The authors acknowledged that younger drivers are likely
to take more risks when driving, including driving when fatigued but older drivers were
not. Summala and Mikkola (1994) also suggested that future work related to fatigue
moderated performance in older drivers should factor in long-term sleep quality in
addition to sleep quality from the night before the assessments. This study did not
describe the data in terms of gender. The previous discussion of sleep differences
between men and women would suggest that future research should examine the effects
of gender-related differences in sleep when assessing driving tasks.
One prominent account of age-related changes in cognition is that older adults do
not have problems in selecting the ‘right’ stimuli. Instead, they have problems inhibiting
stimuli that detract from the performance goal (Hasher & Zacks, 1988). Findings also
show that older adults relative to younger adults show decrements in divided attention
and switching attention. It has been suggested that older adults allocate attention like a
zoom lens (i.e., narrow range) relative to younger adults who allocate attention flexibly.
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According to some research (Christianson, 1992), arousal narrows the allocation of
attention in a manner similar to aging. In an extension of this theory one may predict that
differing levels of circadian arousal will influence performance on tests of attention and
visual search.
Rationale and Purposes
Research reviewed herein indicates that older adults demonstrate restrictions in
the range o f the useful field of view which is related to poorer driving performance (Ball
et al., 1998; McGwin et al., 2000; Myers et al., 2000; Owsley et al., 1998; Wood, 2002).
Studies also suggest that useful field of view and cognitive ability are correlated (Ball, et
al. 1998; McGwin, et al. 2000; Duchek et al., 1998; Owsley et al. 1991).
Llaneras et al. (1998) concluded that performance on visual attention measures
were more predictive of driving performance that other cognitive measures. In addition,
studies have shown that divided attention, in particular, is important to driving safely
(Owsley, et al., 1998; Wood, 2002). Studies reviewed herein which employed measures
of visual attention other than useful field of view (i.e., visual tracking and visual search)
suggest that performance on these tasks are also predictive of driving performance
(Duchek, et al. 1998; Fitten et al., 1995) thus an additional measure of visual attention
should be included in a study of driving performance in older adults.
In another line of research, circadian changes that occur across time of testing
have been shown to impact the efficiency of attention, cognition, and sensation and may
moderate the size of differences found in older versus younger adults (Smith et al. 2001).
Some previous research indicates that driving performance is affected by circadian

changes (Lenne, Triggs, & Redman, 1997; Lenne, Triggs, & Redman; 1998).
Furthermore, testing at a time in accordance with one’s circadian preference results in
smaller age-related differences in performance on cognitive tasks (Intons-Peterson et al.,
1998; May & Hasher, 1998). Not all studies found time of testing effects on performance
in younger or older adults, however (Brown et al., 1998). These previous studies did not
examine the influence of the interaction between time of testing and circadian preference
on useful field of view or driving performance.
Research that investigated the influence of sleep quality on performance
(Lichstein et al., 2001; Summala & Mikkola, 1994) may suggest an alternate explanation
for the time of testing and circadian preference influences on performance in older and
younger adults. There is some indication that poorer sleep quality in older adults who
typically arise early in the morning may result in poorer performance later in the day.
Not all studies, however, support the conclusion that performance in older adults is
influenced by poor sleep quality (Hoch, et al., 1991; Smulders et al., 1997). Because the
case studies conducted by Summala & Mikkola (1994) suggest that sleepiness and sleep
quality are associated with increased driving fatalities, these potential moderating
variables should be assessed in a study of driving performance in older adults.
One purpose of this research was to examine whether time of day influences
visual-spatial attention and driving performance. A second purpose was to examine
whether older adults who exhibit a circadian preference for mornings would exhibit
poorer performance in the afternoon time of testing than in the morning time of testing.
This would be in comparison to younger adults who exhibit a neutral or evening circadian
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preference and would be expected to exhibit poorer performance in the morning time of
testing.
Other factors that were expected to be differentially associated age may also
influence performance. Therefore, a set of moderator variables were examined including
physiological function, field dependence, health, sleep quality, education, computer
anxiety, and driving experience.
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CHAPTER II
METHOD
Participants
The study included 81 adults, 41 between 18 and 35 (M= 21.6) years old and 40
between 54 and 85 ( M - 65.5) years old. Participants of both genders, (55 women and 26
men) were tested. The testing times were 0800, 0900, 1000 h, which represented
morning time of testing and 1500, 1600, or 1700 h which represented afternoon time of
testing.
Participants were licensed drivers recruited from the student body at the
University and from the community-at-large through advertisements and by word-ofmouth. The study was advertised as one that examined the impact of age on driving
perfonnance. Students from the University were offered extra credit, in psychology
classes for their participation. Participants from the community were given a stipend.
Participants were also given feedback on UFOV performance and driving performance.
Older people who reported conditions such as hypertension and diabetes were included if
they were licensed drivers. However, those with Multiple Sclerosis and Parkinson’s
Disease were excluded.
Materials
Participants completed a driving history questionnaire. This questionnaire which
was constructed for the purposes of the present research gathered information about how
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trips per day, number of crashes in the last five years, number of moving violations in the
past five years, and any recent change in driving habits due to health factors.
Sleep Quality. The Pittsburgh Sleep Quality Index (PSQI; Buysse, Reynolds,
Monk, Beren, & Kupfer, 1989) was used to assess sleep quality during the previous
month. It consists of 19 Likert-type questions, rated on a 4-point scale with a possible
distribution of between 1-20 points. Low scores indicated better sleep quality. The PSQI
questions comprise eight scale scores. Internal consistency was reported to be 0.80
(Carpenter & Andrykowski, 1998), and test-retest reliability was reported to be 0.85
(Buysse, et al., 1989). A modified form of the PSQI that assessed acute sleep with the
questions reworded to determine last night’s sleep quality was also be administered.
Computer Anxiety Index (CAIN; Montag, Simonson, Maurer, 1984) is an
instrument that contains 26 Likert-type items in which participants respond to statements
about computer attitudes, use, and self-efficacy on a 6-point scale ranging from “Strongly
Agree” to “Strongly Disagree”. All items were summed to form the index of interest in
this study. Higher scores represented higher levels of computer anxiety. Montag et al.
(1984) reported that the CAIN is positively correlated with the State-Trait Anxiety
Inventory. Internal consistency was reported to range between 0.94 and 0.96 and testretest reliability was 0.96 (Laguna & Babcock, 2000).
Participants completed the Momingness-Eveningness Questionnaire (MEQ;
Home & Ostberg, 1976). The MEQ includes 20 questions about preferences for sleep
and activity times. The scores on the questionnaire ranged from 16-86, with higher
scores indicating a greater degree of momingness. Test-retest reliability was reported to
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be 0.77 (Anderson, Petros, Beckwith, Mitchell, & Fritz,1991), and internal consistency
was reported to be 0.78 (Chelminski, Ferraro, Petros, & Plaud, 1996).

Cognitive A bilities
Cognitive Status. A subset of questions from the Mini-Mental Status Examination
(MMSE; Folstein, Folstein, & McHugh, 1975) was administered following the procedure
used by Anstey et al. (2003). The MMSE evaluates several aspects of cognition
including memory, language, praxis, and working memory. The first question from the
IvlMSE employed in this study asked “What floor of the building are we on”? It was
determined that if the response was “I do not know” or “I can’t remember”, the complete
MMSE would be administered. There were no participants unable to answer this
question. The remaining subset of questions used were those that evaluated long-term
memory and working memory (See Appendix). Scoring for this subset of questions
ranged between zero and negative five where a zero indicated no incorrect responses and
scores lower than zero indicating more incorrect responses.
Visual Search. The visual search test presented a target letter on an Apple He
computer screen for 140 ms. The target letter was preceded by a plus sign that served as
a focal point for the up-coming trial. When the target letter disappeared and an array of
letters with a set size of either two, four, or six appeared in its place. The participant was
instructed to remember the target letter for a brief time and then search for it in the array.
If participants detected the target letter amidst the array, they were instructed to press the
“yes” key on a computer keyboard. If they did not detect the letter, they were instructed
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to press the “no” key on the keyboard. The participants were informed that they should
respond to the visual search task with speed and accuracy. Half of the time, the target
letter appeared amidst the array in one of six possible positions, but the other half of the
time the ■arget letter did not appear within the array. The array remained on the computer
screen until the participant made a response. After a “yes” or “no” response was made a
message that read, “Press the space bar when you are ready to continue” appeared in the
upper left-hand comer of the computer screen. When participants were ready, they
started a new trial by pressing the space bar. In this way, the participant could control the
inter-trial times. For each set size, the participant was presented 36 trials. The first ten
trials were considered practice and were not included in the data for analysis.
Completion of the visual search task ranged between 6 and 10 minutes for most
participants.
Visual-Spatial Ability. The Group Embedded Figures Test (EFT; Spreen &
Benton, 1969) presented 18 straight-line drawings as stimulus figures and required the
participants to identify and trace the stimulus figure in a complex figure drawing in which
it is embedded. The test was timed in two sections of five minutes. Each of the fiveminute sections included nine of 18 drawings. The scoring for the EFT gave one point
for every correct P ace completed. No points were given for items that were not
attempted. If an item was incorrect, an error point was assigned. Internal consistency and
test-retest reliability are reported to be 0.90 (Spreen & Strauss, 1998).
Useful Field o f View. Useful field of view (UFOV) was assessed using a PCbased instrument that includes three subtests. The first was designed to assess central
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vision and speed of processing. In this portion of the test, the participant was presented
the target object (an icon of a car or a truck) on the computer screen. It should be noted
that the “car” and “truck” icons were very similar in appearance. The target screen
disappeared. A visual masking screen was then displayed for a brief time, and when the
next computer screen appeared it presented two icons, a tmck or a car. The participant
was required to identify the target by choosing between two icons on the screen. The
participant selected the target object with a click of the mouse. The length of time that the
target stayed on the screen became shorter and shorter as the test progressed, ranging
from 240 to 16 ms.
The second subtest was designed to assess divided attention. In this portion of the
test, the peripheral target, an icon of the car, was presented simultaneously with the
central target, an icon of either the truck or the car on one screen. All peripheral targets
appeared randomly at any one of 8 different peripheral locations along the axis of one of
eight spokes that radiated outward from the central target. The spokes radiated in the
cardinal directions. Then a visual masking screen was presented for a brief time. On the
next screen, the participant was required to identify which target appeared in the center of
the screen. The next computer screen that appeared asked the participant to identify the
location of the peripheral target (al ways a car) by clicking the mouse on one of eight
boxes that are connected by radial spokes to the central target box.
The third subtest was designed to assess selective attention. It was a replication
of the second test with the addition of a dense array of distracting stimuli (triangles)
positioned around the periphery. Scores on the UFOV were computed for each subtest,
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suhtest 1, subtest 2, and subtest 3. For subtest 1, the minimum duration (time that target
was present) that participants performed the task with a 75% accuracy rate was recorded.
For subtests 2 and 3, the UFOV was defined for that stimulus duration and that
eccentricity at which the participant localized the peripheral target 75% of the time. Testretest reliability was reported to be 0.88 (Edwards, et al., 2005).

Driving
A computerized driving simulation called Profiler was used to assess driving. In
addition to standard computer hardware, two peripheral devices, a small steering wheel
that fastened to the computer desk and a gas-brake pedal assembly that sat on the floor
under the desk were included. Before launching the program, participants were
instructed to cover the brake pedal in preparation for response with the foot that they
normally used on the brake pedal when driving a car. The were also instructed that they
would not be in control of the speed of the car that they were “driving” and that it was
normal to veer off the road and crash occasionally. When the Profiler program was
launched, a video display of a driving instructor explained the program and gave
instructions. Participants were given practice with the peripheral devices for which three
possible psychomotor responses were required. One was use of the steering wheel to
keep the car on the track. In this program, the squad car that the participant “drove” was
in pursuit of another lead squad car on a closed driving course. Another required response
was depression of the brake pedal when the taillights of the lead squad car were
displayed. This response provided a concentration measure, a measure of reaction time
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to a centrally presented target. The final required response was a click of a paddle located
on the steering wheel assembly when a stop sign, a red light or a traffic hazard appeared
along the driving course in the periphery of the screen. This response provided a
scanning measure, a measure of reaction time to a peripherally presented target.
Participants conducted between one and five practice trials or laps and four test
laps. The practice laps were the easiest, and gave the participant familiarity with the
program. A high criterion score was required on the practice lap in order for the
participant to conduct the test laps. The test laps became progressively more difficult in
that the squad cars traveled faster and in that a greater number of responses, both central
and peripheral, were required. In addition, an increasing number of distracters were
presented as the test laps progressed. At the completion of each lap, the driving
instructor reminded the participant of the tasks required to perform well on the simulator
and provided additional instructions for the upcoming lap.
The driving simulator provided scores on steering, concentration, and scanning.
Vehicle position was sampled during each trial, from which the steering score was
calculated. The scanning score was calculated as a weighted average of the reaction times
for all peripheral trials. The concentration score was calculated as the weighted average
of the reaction times for all central trials.
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CHAPTER III
RESULTS
All analyses conducted herein were two-tailed and evaluated against an alpha
level set at .05. Significant effects found by analysis of variance (ANOVA) were subject
to Tukey’s post hoc test with alpha level set at .05. As a manipulation cneck of the age
variable, a 2 x 2 (Age x Time of Testing) ANOVA was conducted on age of participants.
There was a main effect of age, as would be expected from the nature of the experimental
design, but there was no main effect of Time of Testing, nor was there an interaction
between Age and Time of Testing found in this analysis.
Individual Difference Variables
Individual difference variables assessed included physiological variables (i.e.,
body temperature, diastolic and systolic blood pressure), cognitive variables (i.e.,
education level, cognitive status as measured by the Mini Mental Status exam (MMSE;
Folstein, Folstein, & McHugh, 1975), and visual spatial ability), and experience variables
(i.e., years of driving, overall health rating, overall sleep quality, computer anxiety, and
circadian typology). All variables were subjected to 2 (Age; younger and older) x 2
(Time of Testing; morning and afternoon) Analysis of Variance (ANOVA). Means and
standard deviations for these variables are reported in Table 1.
Physiological variables. A 2 x 2 (Age x Time of Testing) ANOVA was
conducted on body temperature. There were no main effects nor was there an interaction
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F ( 1,75) = 15.2,p < .01. Older adults had higher systolic blood pressure ( M - 130.0)
than younger adults (M — 114.9). There was no main effect of Time of Testing nor was
there an interaction between Age and Time of Testing. A 2 x 2 (Age x Time of Testing)
ANOVA was conducted on diastolic blood pressure and a main effect of Age was found,
F (l,7 5 ) = 10.4,p < .01. Older adults had higher diastolic blood pressure (A/= 81.0) than
younger adults (M= 72.6). There was no main effect of Time of Testing nor was there an
interaction between Age and Time of Testing.
Cognitive variables. A 2 x 2 (Age x Time of Testing) ANOVA was conducted on
education level of the participants. There were no main effects or interactions found in
this analysis. The overall number of years of education (M= 15.8) indicates that this
sample was educated beyond the level uf high school. Following Anstey et al. (2003)
cognitive status was measured by a subset of questions from the MMSE that evaluated
long-term memory and working memory. Scoring for this subset of questions ranged
between zero and negative five where a zero indicated a perfect score and scores lower
than zero indicated more incorrect responses. Lower scores indicated fewer correct
responses. A 2 x 2 (Age x Time of Testing) ANOVA was conducted on the scores of the
modified MMSE. In this analysis, a main effect of Age was found, F (l,7 7 ) = 8.4, p<
.01. The adults in the older age group had a significantly lower score (M = -.93) than
adults in the younger age group (M = - .2). There was no main effect of Time of Testing,
nor was there an interaction between Age and Time of Testing found in this analysis.
In the analysis of visual spatial ability, participants were required to trace the
location of a simple form within a complex figure. Two scores from the Embedded
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Figures Test (EFT) were evaluated. The scoring for the EFT gave one point for every
correct trace completed. No points were given for problems that were not attempted or
for tracings that were incomplete. If a trace was incorrect, an error point was assigned.
1 he number correct on the EFT was subjected to a 2 x 2 (Age x Time of Testing)
ANOVA and a main effect of Age was found, F(l,72) = 16.5, p< .01. Younger adults
had a significantly higher number correct than older adults (M = 11.9 and 7.7
respectively). There was no main effect of Time of Day found in this analysis, but there
was an interaction between Age and Time of Day, F(l,72) = 4.6, p< .05. The nature of
the interaction was evaluated by Tukey’s test. When tested in the afternoon, younger
adults had a significantly greater number of correct responses (M =12.8) versus older
adults ( M - 6.7). There were no significant differences between younger versus older
adults tested in the morning (Ms = 10.4 and 8.5 respectively). The scores of younger
adults tested in the morning versus younger adults tested in the afternoon did not differ
nor did the scores of older adults tested in the morning versus older adults tested in the
afternoon differ.
The second score evaluated from the EFT was the number of errors. Errors were
identified as those problems that included pencil outlines that completely enclosed a
shape that did not match exactly the shape required by the examination booklet. Any
pencil markings that did not include a completely enclosed shape were not included as
errors or correct trials. This scoring procedure for errors was adopted to account for
possible incomplete problems because, despite the instructions that problems should not
be skipped on the EFT, participants reported completing the easiest problems first and
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then attempting to complete the more difficult problems thereafter. In the 2 x 2 (Age x
Time of Testing) ANOVA of errors, a main effect of Age was found, F( 1,72) = 5.6,/? <
.05. It was found that older adults had a larger number of errors (M= 3.4) than younger
adults (M= 2.1). There wa^ no main effect of Time of Testing, nor was there an
interaction between Age and Time of Testing.
Experience variables. A 2 x 2 (Age x Time of Testing) ANOVA was conducted
on number of years of driving. In this analysis, a main effect of Age was found, F Q , 79)
= 581.8, /?< .01. Older adults reported driving more years than younger adults (Ms = 47.9
and 6.6 respectively). There was no main effect of Time of Testing, nor was there an
interaction between Age and Time of Testing found in this analysis.
Computer anxiety was measured by the Computer Anxiety Index (CAIN). A 2 x
2 (Age x Time of Testing) ANOVA was conducted on CAIN scores and the analysis
found a main effect of Age, F(l,77) = 5.8, p< .05. Older adults reported more computer
anxiety (M= 38.1) than younger adults (M= 32.2). There was no main effect of Time of
Testing, nor was there an interaction between Age and Time of Testing found in this
analysis.
Overall health quality was measured by a Likert-type question, “On a scale from 1
to 10, how would you rate your health compared to other people your age”? The scores
on this question were subjected to a 2 x 2 (Age x Time of Testing) ANOVA. There were
no main effects of Age or Time of Testing found, nor was there an interaction between
Age and Time of Testing. Overall sleep quality as measured by the global sleep quality
score from the Pittsburgh Sleep Quality Index (PSQI) was also subjected to a 2 x 2 (Age
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x Time of Testing) ANOVA. In this analysis, there was no main effect of Age or Time of
Testing, but there was an interaction between Age Group and Time of Testing, F(l,72)
=6.0, p< .05. The means were evaluated by Tukey’s test and it was found that younger
adults tested in the afternoon reported significantly better sleep quality (M = 4.7) than
older adults tested in the afternoon (M= 7.2). The means of older versus younger adults
tested in the morning were not significantly different (Ms = 5.6 and 6.2 respectively).
There were no differences between means for older adults tested in the morning versus
older adults tested in the afternoon or between younger adults tested in the morning
versus younger adults tested in the afternoon.
Circadian typology was assessed with the Horn and Ostberg MomingnessEveningness Questionnaire (MEQ). Scores on the MEQ were subjected to a 2 x 2 (Age x
Time of Testing) ANOVA and a main effect of Age was found, F(l,71)= 65.3, p < .01.
Older adults had significantly higher scores (M= 62.4) than younger adults (M = 46.5)
which would indicate that older adults are morning-types and younger adults are neither
morning- or evening-types. There was no main effect of Time of Testing and no
interaction between Age and Time of Testing. This analysis indicates that circadian
typology was balanced across morning and afternoon Time of Testing.

55

Table 1
Individual Differences by Time o f Testing and Age o f Participant

Time of Day
Morning
Younger
Older
17
21

Variable
Sample size3

Afternoon
Younger
Older
24
18

Age

21.6 (2.6)

66.4 (8.9)

21.6 (2.6)

64.6(10.0)

Temperature

96.9 (0.8)

96.5 (0.7)

96.6(1.6)

96.5 (0.8)

Systolic Blood Pressure

114.0(13.3)

133.8(17.8)

115.9(20.5)

126.2(14.5)

Diastolic Blood Pressure

73.4 (9.8)

81.5(13.4)

71.8 (9.3)

80.4 (12.6)

Years Education

15.5(1.3)

15.5(2.9)

15.5 (2.0)

16.7(2.5)

MMSEb

-.24 (.56)

-1.0 (1.5)

-.13 (.61)

-.79(1.5)

EFT0 Correct

10.4 (3.4)

8.5 (4.6)

12.8 (3.7)

6.7 (4.4)

EFT Errors

2.9 (2.1)

3.4 (2.1)

1.6 (1.3)

3.4 (2.9)

Years Driving

6.4 (2.7)

47.6(10.5)

6.8 (2.2)

48.2(10.4)

Overall Health

7.2 (1.7)

8.3 (1.4)

7.4 (1.2)

7.5 (1.9)

Overall Sleep Quality1

6.2 (2.8)

5.6 (3.1)

4.7 (1.9)

7.2 (3.2)

CAINe

30.9(10.3)

37.1 (13.1)

33.2 (8.4)

39.2(13.3)

MEQf

45.3 (9.7)

63.2 (7.7)

47.2 (9.0)

61.7 (7.7)

N o te . Variable data presented are means. Numbers in parantheses are standard deviation. a Sample size
varies for some measures due to failure to respond or computer error. bMMSE=subset o f questions from
the Mini Mental Status Exam.0 EFT = Embedded Figures T est.d Scores are from the
Pittsburgh Sleep Quality Index: lower numbers indicate better sleep quality.
e CAIN = Computer Anxiety Index.f MEQ = Momingness-Eveningness Questionnaire.

Performance Measures
Useful Field o f View. The three measures of the UFOV including
processing speed, divided attention, and selective attention were analyzed. The means
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and standard deviations for these measures are presented in Table 2. Processing speed
was measured by presenting one stimulus on the screen and requiring the participant to
select from memory the stimuli presented from two possible choices. The processing
speed score was minimum duration (time that target was present in ms) that participants
performed the task with a 75% accuracy.
The divided attention task required that the participant view two stimuli on the
screen, one presented in the middle of the screen and one presented at various regions
(i.e., eccentricities) in the periphery of the screen. They were then required to select from
memory what object was presented in the middle of the screen and where on the screen
the object in the periphery was located. The selective attention task was essentially the
same except for the addition of triangles in the periphery of screen that created
distraction. For divided attention and selective attention, the score was the minimum
stimulus duration required for the participant to ide ntify the central target and localize the
peripheral target with a 75% accuracy. Therefore, for all measures of the UFOV, smaller
scores represent better performance.
Processing speed was subjected to 2 (Age) 2 x (Time of Testing) ANOVA. In
this analysis, a marginally significant main effect of Age was found, F(l,76) = 3.6 ,p=
.06. Older adults required longer stimuli presentation times (M = 35.4 ms) than younger
adults (M=16.1 ms) to achieve 75% accuracy in identifying the stimuli. There was no
main effect Time of Testing, nor w'as there an interaction between Age and Time of
Testing found.
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In the analysis of divided attention, a main effect of Age was found, F(l,76),/?<
.05. Older adults required significantly longer stimuli presentation times (M=79.9 ms)
than younger adults (M~36.9 ms) to achieve 75% accuracy in identifying the stimuli.
There was no main effect of Time of Testing, nor was there an interaction between Age
and Time of Testing found.
In the analysis of selective attention, a main effect of Age was found,
F(l,76)=53.6,p< .01. Older adults required significantly longer stimuli presentation
times (M-194.4 ms) than younger adults (M= 81.8 ms) to achieve 75% accuracy in
identifying the stimuli. There was also a main effect of time of day found in the analysis
of selective attention, F(1,76)= 4.0, p<05. Participants or all ages required significantly
longer stimuli presentation times when tested in the morning (M= 159.2 ms) versus the
afternoon {M= 116.1 ms). Outliers were identified and adjured to determine whether
extreme values played a role in this finding. Outliers were defined as those values that
exceeded the outer fence of the boxplot for that variable’s data. The outliers were
replaced by the number that was the outer fence according to the procedure described by
Howell (1995). Four scores were adjusted in this manner, and the analysis was
conducted again. In this analysis, a marginally significant main effect of Time of Testing
was found, F(l,76)=3.6,/? =.06. Participants of all ages required longer stimuli
presentation times when tested in the morning (M= 153.1 ms) versus the afternoon
(M=\ 12.2 ms).
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Table 2
Useful Field o f View by Age a'id Time o f Testing
Time of Day
Variable

Younger

Morning
Older

Afternoon
Younger
Older

Processing Speed

16(0.0)

47.2 (82.3)

16.2 (0.8)

21.5(15.7)

Divided Attention

45.2 (72.2)

89.9(102.8)

30.9 (53.8)

67.8 (77.0)

Selective Attention3 78.4 (35.4)
213.6(84.4)
69.8(21.7)
172.1 (71.1)
Note. Numbers presented are milliseconds. Numbers in parentheses are standard devotion.
a Means presented are those calculated with outliers adjusted.
Visual search test. In the visual search test, outliers in overall error rate were
identified as .2 or greater. One paiticipant had an overall error rate of .36, and that
participant’s data was removed from all visual search analyses. Median reaction time
was computed for each set size by decision type condition fox every participant. Reaction
times associated with errors were deleted from these calculations. For reaction times for
Set Size (i.e., two-letter string, four-letter string, and six-letter string) and Decision Type
(yes or no) outliers were defined as those values that exceeded the outer fence of the
boxplot for that variable’s data. The outliers were replaced by the number that was the
outer fence. The percentage of outliers that were replaced for each reaction time variable
depending upon the Time of Testing and the Age appears in Table 3.
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Table 3
Outliers Replaced forEach Condition o f the Visual Search Task
Time of Day
Variable
Set Size Decision
2
Yes
No

Morning
Younger
Older

Afternoon
Younger
Older

1%
1%

0%
5%

0%
0%

0%
2%

1%
2%

3%
3%

2%
2%

0%
0%

Yes
0%
No
0%
Note. Overall Outliers = 6%

5%
5%

2%
2%

1%
0%

4

Yes
No

6

The reaction time data of the visual search task was subjected to a 2 (Age) x 2
(Time of Testing) x 3 (Set Size; 2, 4, or 6 letter strings) x 2 (Decision; yes or no) mixed
design ANOVA (see Table 4 for further information). There was a significant main
effect of Age, F(l,67) = 46.6, p< .01. Older adults had significantly slower reaction
times (M= 981) than younger adults (M-708). There was also a main effect of Decision
Type, F(l,67)= 436.7,p< .01. “Yes” decisions were made significantly faster (M = 803)
than “no” decisions (M= 886). There were no other main effects or interactions in this
analysis.
The proportion of errors for each Set Size by Decision Type condition was
computed for each participant. Error rates were subjected to a 2 (Age) x 2 (Time of
Testing) x 3 (Set Size) x 2 (Decision) mixed design ANOVA. There was a significant
main effect of Age, F(l,65) = 6.7, p < .05. Younger adults had a significantly higher
error rate (M= .06) than older adults (M= .04). There was also a main effect of Decision
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Type, /^(l ,65) = 4.7, p < .03. “Yes” decisions were made with significantly less error (M
= .04) than “no” decisions (M= .05).
Table 4
Median Reaction Times and Error Rates for the Visual Search Test
Time of Day
Set Size Decision

Morning
Younger
Older

Afternoon
Younger
Older

Reaction Times
2

Yes
No

684
788

941
1007

619
684

1015
1096

4

Yes
No

732
781

934
1012

629
708

919
1015

6

Yes
No

714
800

955
1035

639
720

857
985
0.04
0.04
0.01
0.05

2

Yes
No

0.07
0.08

Error Rates
0.05
0.06
0.04
0.06

4

Yes
No

0.08
0.07

0.02
0.03

0.04
0.05

6

Yes
0.02
0.06
0.04
0.03
No
0.1
0.04
0.05
0.06
N o t e . All reacion times are reported in milliseconds. Reaction times associated
with errors were omitted from these calculations.
in order to evaluate whether participants were using a speed/accuracy trade-off
response style while conducting the visual search task, mean overall reaction time and
mean overall error rate were calculated. The overall reaction time and error rates were
correlated for participants of both age groups, for younger participants, and finally for
older participants. For all participants a weak negative correlation, r (80) = -.17, ns, was
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observed. For younger participants, a very weak positive correlation, r (39) = .09, ns,
was observed. For the oldest participants, a very weak negative correlation, r (35) = -.06,
ns, was observed. These data along with that presented above and the absence of a set
size main effect suggest that the visual search data was compromised by a speed/accuracy
trade-off.
Driving. The Profiler driving test included two sections, a practice section and a
scored section. The driving simulator provided scores on steering, concentration, and
scanning. Vehicle position was sampled during each trial, from which the steering score
was calculated. The driving test consisted of some central trials and some peripheral
trials. Centra l trials were those where the stimuli were presented in the center of the
screen and the required response was depression of the brake pedal. The concentration
score was calculated as the weighted average of the reaction times for all central trials.
Peripheral trials were those where stimuli were presented in the periphery of the screen
and the required response was a click of a paddle with the fingers of the right or left hand.
The scanning score was calculated as a weighted average of the reaction times for all
peripheral trials. Higher scores for steering represented greater accuracy in steering.
Higher scores for scanning and concentration represented faster reaction times and
greater accuracy in responding.
For each section, steering, concentration, and scanning scores appeared on the
computer screen. Participants had an opportunity to conduct five practice laps for the
practice section and were permitted to complete the scored section only after a composite
criterion score of 81 or better was achieved on a practice lap. Some participants
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conducted as few as one practice lap before beginning the scored section. Other
participants required two, three, four, or five laps before beginning the scored section.
Some participants were unable to achieve the criterion score after five laps and did not go
on to the scored section. The numbers of practice trials required by older and younger
adults to meet the criterion as a function of Time of Testing are presented in Table 5.
Table 5
Participants Who Conducted Profiler Practice and Scored Sections_____
_________ _____ Time of Day_______________
Morning
Afternoon
Lap________________ Older8____ Younger____ Qlderb____ Younger
Practice
1
Yes
0
17
9
0
No
7
19
8
16
2

Yes
No

1
16

9
1

2
12

5
2

3

Yes
No

3
12

1
na

1
10

2
na

4

Yes
No

3
8

1
na

2
6

na
na

5

Yes
No

2
4

na
na

1
3

na
na

Scored
17°
Yes
9
6
24
12d
na
No
11
na
fl Two participants declined.bThree participants declined. 'Computer failure resulted
in the loss of one participant's data.dSeveral participants declined after one or
several laps.
For the practice section, the averages of the steering, concentration, and
scanning scores were calculated for each person and subjected to a series of 2 (Age) x 2
(Time of Testing) ANOVAs. For steering, there was no main effect of Time of Testing
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and a marginal main effect of Age, F(1,76) = 78.9, p - .07. Younger adults had a higher
mean steering scores (M = 28.7) than older adults (M = 18.8). There was no interaction in
this analysis. For scanning, there was a main effect of Age, F (1,76) = 8731, p < .01.
Younger adults had a significantly higher scanning score (M =36.9) than older adults (M
=17.4). There was no main effect of Time of Testing, nor was there an interaction
between Age and Time of Testing. For concentration, there was a marginally significant
main effect of Age, F(l,76) = 79.5, p = .07. Younger adults had a higher concentration
score ( M - 24.1) than older adults (M ~ 11,4) (see Table 6).
Table 6
Profiler Practice Scores by Age and Time o f Testing_________________
_________________ Time of Day_______________
Morning
Afternoon
Variable________ Younger______ Older_____ Younger_____ Older
Steering

26.4 (7.1)

18.0(11.8)

30.4 (5.6)

19.9(10.7)

Scanning

37.2 (3.9)

17.5(11.7)

36.7 (8.6)

17.4(12.3)

10.7 (7.6)
Concentration 23.2 (5.3)
242.8 (8.5)
11.9 (8.0)
Note. Means are presented. Numbers in parentheses are standarddeviation.
In the next series of Profiler driving analysis, three groups of adults were formed,
those who did reach the practice section criterion score and those who did not reach the
practice section criterion score. Those who reached the criterion score were successful in.
completing the four laps of the scored section, except in the cases where the computer
program shut down prematurely. All the participants in the younger adult age group were
able to meet the criterion score and conduct the scored section. Of those in the older
adult age group, 15 were able to complete the scored section of the Profiler. Table 7
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provides descriptive data regarding the numbers of older and younger adults who did and
did not meet criterion scores on the practice lap that allowed them to go on to the scored
section.
Table 7
Scores for Profiler Driving Variables____________
Criterion Met

Steering

Concentration

Scanning

Group Size

Mean Age

All Participants
Yes

27.8 (7.0)

22.1 (7.4)

34.3 (8.0)

57

31.9

Noa

13.9(10.5)

7.3 (6.5)

10.2(8.8)

23

70.6

Older Participants
Yes

26.0(7.9)

17.2 (5.2)

27.8 (6.8)

16

58.3

No__________ 13.9(19.5)
7.3 (6.5)
10.2(8.8)
23_________ 70.6
a This group was comprised of older adults, thus the data is the same as the "No" group below.
A 2 (Criterion Met) x 2 (Time of Testing) ANQVA was conducted on the
ages of the participants. In this analysis, a main effect of Criterion Met was found, F
(1,79) —106.1,/? < .01. Those who did not met the criterion were significantly older (M
= 70.5) than those who did meet the criterion (M= 32.1). There was no main effect of
Time of Testing, nor was there an interaction between Criterion Met and Time of Testing.
Given these findings, an independent samples t test was conducted comparing ages of
older adults who did and did not meet the criterion. There was a significant difference in
age, / (37) = 5,3,p < .01. Those who did meet the criterion were significantly younger
58.3) than those who did not (M= 70.6).
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Following from this finding, a series of analyses was conducted to compare older
adults who met the criterion (older, high performance) with older adults who did not
(older, low performance) and with younger adults on the Profiler practice section scores.
Table 8 reports mean scores for younger adults, older, high performance adults and older,
low performance adults. A 3 (Group; younger, older high performance, older low
performance) x 2 (Time of Testing) ANOVA was conducted on steering scores and main
effect of Group was found, F(2,74) = 24.3,p < .01. A Tukey’s test revealed that younger
adults had significantly higher steering scores ( M - 28.4) than older, high performance
adults (M = 26.0), and older, low performance adults (M= 13.9). The difference between
steering scores of older, high performance and older, low performance adults was also
significant. There was no main effect of Time of Testing nor was there an interaction
between Group and Time of Testing.
A 3 (Group; younger, older high performance, older low performance) x 2 (Time
of Testing) ANOVA was conducted on scanning scores and a main effect of Group was
found, F(2, 74) = 89.9,p < .01. A Tukey’s test revealed that younger adults had
significantly higher scanning scores (M = 37.0) than older, high performance adults (M =
29.0), and older, low performance adults (M = 10.2). The difference between scanning
scores of older, high performance and older, low performance adults was also significant.
There was no main effect of Time of Testing nor was there an interaction between Group
and Time of Testing.
A 3 (Group; younger, older high performance, older low performance) x 2 (Time
of Testing) ANOVA was conducted on concentration scores and a main effect of Group
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was found, F(2, 74) = 43.9, p < .01. A Tukey's test revealed that younger adults had
significantly higher concentration scores (M= 24.0) than older, high performance adults
(M= 17.1), and older, low performance adults (M= 7.3). The difference between
concentration scores of older, high performance and older, low performance adults was
also significant. There was no main effect of Time of Testing nor was there an
interaction between Group and Time of Testing.
Table 8
Profiler Practice Scores by Time o f Testing and Group
Morning

Younger

Older, High
Performance

Older, Low
Performance

Steering

26.4 (7.1)

26.2 (9.1)

11.9 (10.0)

Scanning

37.2(1.9)

27.5 (2.5)

9.9 (2.2)

Concentration

23.2(1.7)

18.4 (2.3)

7.1 (2.0)

Younger

Afternoon
Older, High
Performance

Older, Low
Performance

Steering

30.4(5.6)

25.8 (6.9)

16.0(11.1)

Scanning

36.7(1.6)

28.3 (2.9)

10.4 (2.3)

24.8(1.4)
Concentration
15.9 (2.6)
in parentheses are standard deviation.

7.5 (2.0)

Variable

N o t e . Numbers

The variables of the scored section of the Profiler, including steering, scanning,
and concentration were measured in the way described for the practice section of the
Profiler. As was the case for the practice section, higher steering, scanning, and
concentration scores represent higher accuracy and faster reaction times in the scored
section. The scored section differed from the practice section in that each of the laps of
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the scored section was more difficult than the preceding lap because more responses were
required and more distracting stimuli were presented in each successive lap.
A 2 (Age) x 2(Time of Testing) x 4(Lap) mixed design ANOVA was conducted
for steering. There was a main effect of Age, F (1,52) = 4.4, p< .05 which that showed
that older adults had higher overall steering scores ( M - 24.3) than younger adults (M=
21.4). There was no main effect of Time of Testing found, but there was a significant
main effect across the four laps, F (3,156) = 92.4, p < .01. Tukey’s test indicated that as
the difficulty of the laps increased, steering performance declined significantly from the
first lap to the third and fourth lap and from the second to the third and fourth lap. A
slight overall improvement was shown from the first lap to the second, and from the third
lap to the fourth lap, but these improvements were not significant. There was also a
significant interaction between Age and Lap, F ( 3, 156) = 2.8,p < .05. Tukey’s test
indicated that older adults showed less decline in performance from the second to the
third lap than younger adults. Older adult’s lap 3 steering scores were significantly
higher than younger adult’s lap three steering scores (see Table 9).
A 2 (Age) x 2(Time of Testing) x 4(Lap) mixed design ANOVA was conducted
for scanning. In this analysis, a main effect of Age was found, F (1, 52) =9.7, p < .01.
Younger adults had higher scanning scores ( M - 21.3) than older adults (M= 14.3). A
main effect of lap was also found in this analysis, F (3, 156) =32.2, p < .01. Scores on
the first lap were significantly higher than scores on the fourth and final lap. There were
no other main effects or interactions in this analysis (see Table 9)
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A 2 (Age) x 2(Time of Testing) x 4(Lap) mixed design ANOVA was conducted
tor concentration. In this analysis, a main effect of Age was found, F ( l , 52) =20.0, p <
.01. Younger adults had higher concentration scores (M = 23.4) than older adults (M=
16.1). A main effect of lap was also found in this analysis, F (3, 156) =3.4, p < .05.
Scores on the first lap were significantly higher (M - 21.5) than scores on the fourth and
final lap (M= 18.0)
Table 9
Steering, Scanning, and Concentration Scoresfor the Scored Section of "Profiler"__________

Variable
steering

scanning

concentration

____________________Time of Day___________________
Morning
Afternoon
Older
Younger
Older
Younger

Lap
1

29.6(6.5)

24.8 (7.1)

29.6 (4.3)

26.9 (5.5)

2

32.1 (4.3)

29.2 (6.8)

32.0 (2.4)

29.2 (4.5)

3

15.2(7.0)

10.6(6.8

20.3 (8.1)

12.5 (7.6)

4

18.7 (8.2)

14.7(6.4)

16.3(7.4)

20.5 (6.4)

1

20.7(13.8)

25.7(12.3)

25.0(5.8)

28.9 (7.1)

2

11.9 (9.4)

24.5 (9.7)

23.3 (5.0)

24.8(12.1)

3

7.11 (5.4)

18.3 (12.3)

11.8(7.5)

19.0 (9.6)

4

5.7 (4.5)

13.1 (9.1)

9.2 (8.2)

16.1 (8.5)

1

19.0 (7.4)

23.9 (6.2)

17.3(12.7)

25.7 (5.8)

2

19.2 (6.9)

21.8(6.2)

16.7(8.6)

26.8 (5.7)

3

14.0 (9.0)

21.1 (7.1)

17.7(13.9)

20.6 (8.5)

4

12.3 (6.5)

21.2 (9.4)

12.7(9.4)

25.8 (7.0)

N ote . Means are presented. Numbers in parenthesis are standard deviation.

Two other variables from the Profiler driving test were also subjected to
analyses. These include Central Reaction Time (CRT), the reaction time for a target
presented in the middle of the screen and Peripheral Reaction Time (PRT), the reaction
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time for a target presented in the periphery of the screen. In this case, CRT was
evaluated by a depression of the brake pedal when a set of red tail lights on the lead car
were presented. PRT was evaluated by a finger tap on a paddle located close to the
steering wheel. The means and standard deviations for these variables now include the
CRT data from the final practice lap and from the scored laps. The CRT and PRT by
Age and Time of Testing appear in Table 10.
A 2 (Age) x 2(Time of Testing) x 5(Lap) mixed design ANOVA was conducted
on CRT. There was a main effect of Age, F (1,52) = 23.4,/? < .01. Younger adults has
faster CRT (M = 1092) than older adults (M= 1286). There was a main effect of Lap, F
(4,208) =15.6 ,p < .01. Tukey’s test revealed that CRT was significantly faster in the
practice lap than in any of the scored laps. The CRT for the scored laps were not
significantly different from one another. There were no other main effects in this
analysis, but there was an interaction between Age and Lap, F (4, 208) = 3.7, p < .01.
For younger adults and for older adults the practice lap CRT was significantly faster than
each of the scored laps, but younger and older adults did not differ on CRT for the
practice lap (see Table 10). Younger adults had significantly faster CRT than older
adults on all of the scored laps. There were no other main effects or interactions in this
analysis.
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T ab le 10

Profiler: Central and Peripheral Reaction Times by Age and Time o f Testing
Time of Day
Morning
Older

Afternoon
Older

Averaged Across Time of Day
Older
Younger

Lap

Younger

Practice Central RT
Peripheral RT

1037(214)
1002 (291)

1015 (169)
1021(228)

1009(189)
1118(174)

1098(295)
1022 (241)

1020(198)
1069(234)

1048 (218)
1021 (224)

Scored
1
1

Central RT
Peripheral RT

1148(176)
1203 (212)

1284(189)
1332(198)

1032 (180)
1204(162)

1290(267)
1360(199)

1080(186)
1204(182)

1286(197)
1343(192)

2
2

Central RT
Peripheral RT

1124(233)
1252 (226)

1261 (267)
1339 (229)

985(166)
1338(314)

1225(137)
1309(152)

1043(205)
1302(281)

1247(219)
1327(196)

3
3

Central RT
Peripheral RT

1258(245)
1290(120)

1398 (248)
1402 (216)

1175 (159)
1838 (229)

1491(157)
1423(219)

1210(200)
1611 (196)

1435 (215)
1410 (209)

4
Central RT
1083 (314)
1406 (207)
1063 (145)
1339 (215)
4
Peripheral RT
1397 (327)
1494 (213)
1361 (318)
1413(159)
Note. Numbers presented are milliseconds. Numbers in parentheses are standard deviation.

1072(227)
1376(318)

1399 (203)
1461(191)

Younger

A 2 (Age) x 2(Time of Testing) x 5(Lap) mixed design ANOVA was conducted
on PRT. There was no main effect of age found in this analysis. There was a main effect
of Lap, F (4,208) =3.1 ,p < .05. The PRT for the practice lap was significantly faster
than the PRT for the third and fourth scored laps. There were no other main effects or
interactions in this analysis.
For the following series of analyses, three groups of adults were compared,
younger adults, all of whom met the criterion for the Profiler, older adults who met the
criterion for the Profiler (i.e “high performance”), and older adults who did not meet the
criterion (i.e., “low performance”) on the Profiler on other measures. These groups were
compared on performance on EFT correct and errors; UFOV processing speed, divided
attention, and selective attention; and visual search.
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A 3 (Group, younger high performance, older high performance, and older low
performance) x 2(Time of Testing) ANOVA was performed on the number of correct on
the EFT (see Table 31). In this analysis, there w'as a main effect of Group, F (2, 65) =
11.\,p < .01. Tukey’s test revealed that the older, low performance adults had fewer
correct (M = 6.2) than the younger high performance group (M= 11.6), but that the
older high performance adults scores (M= 9.6) were not significantly different from the
other two groups. There was no main effect of Time of Testing, nor was there an
interaction between Time of Testing and Group.
Table 11
Embedded Figures Test Scores by Age Performance and Time o f Testing

Variable

Younger

Morning
Older, High
Performance

Number Correct

10.4 (3.4)

10.3(4.3)

7.1 (4.5)

Errors

2.9 (2.1)

3.0 (2.1)

3.8 (2.0)

14

8
Afternoon

10

Number Correct

12.8 (3.7)

8.9 (5.0)

5.3 (3.1)

Errors

1.6 (1.3)

2.3 (2.5)

3.6 (1.6)

n

n
7
24
Note. Numbers in parenthesis are standard deviation.

Older, Low
Performance

8

A 3 (Group) x 2(Time of Testing) ANOVA was performed on the number of
errors on the EFT. In this analysis, there was a main effect of Group, F (2, 65) = 3.7,p <
.05. Tukey’s test revealed that the older, low performance adults had more errors (M =
3.7) than the younger high performance group {M- 2.2), but that the older high
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performance adults scores (M= 2.6) were not significantly different from the other two
groups. There was no main effect of Time of Testing, nor was there an interaction
between Time of Testing and Group (see Table 11).
For the UFOV, processing speed was analyzed by a 3 (Group) x 2(Time of
Testing) ANOVA. Means and standard deviations are presented in Table 12. In this
analysis, a main effect of Group was found, F (2,73) = 3.4, p < .05. Tukey’s test revealed
that the older, low performance adults had a slower processing speed (M - 44.6) than the
younger, high performance group (M= 16.1), but that the older, high performance adults
processing speeds (M= 21.2) were not significantly different from the other two groups.
An interaction between Group and Time of Testing was found, F (2,73) = 3.2,p < .05.
Tukey’s test revealed that the older, low performance adults tested in the morning had
significantly longer processing speeds (M= 69.8 ) than older, low performance adults
tested in the afternoon (M - 19.5). In addition, the older, low performance adults had
longer processing speeds than the older, high performance and younger, high
performance adults tested in the morning (Ms = 17.2 and 16.0 respectively) and in the
afternoon (Ms = 25.1 and 16.2 respectively) (see Table 12).
In the 3 (Group) x 2(Time of Testing) ANOVA of divided attention, a main effect
of Group was found, F (2, 73) = 10.2, p < .01. Tukey’s test revealed that older, low
performance adults had slower divided attention scores (M= 117.6) than older, high
performance adults (M = 27.3) and younger, high performance adults (M =38.1). The
means of the older, low performance group were larger than the older and younger high
performance groups.
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In the 3 (Group) x 2(Time of Testing) ANOVA of selective attention, a main
effect of Group was found, F (2,73) = 65.7, p < .01. Tukey’s test revealed that the
selective attention scores of older, low performance adults were significantly slower ( M
= 228.3) than the scores of the older, high performance adults (M = 143.6) and of the
younger, high performance adults ( M - 74.2). The selective attention scores of the older,
high performance adults were significantly faster than those of the older, low
performance adults and significantly slower than the younger, high performance adults
Table 12
Useful Field of View Scores by Age Performance and Time of Testing

Younger

Morning
Older, High
Performance

Older, Low
Performance

Processing Speed

16.0 (0.0)

17.2 (3.7)

69.8(105.0)

Divided Attention

45.2 (73.3)

32.4 (24.4)

132.9(118.5)

Selective Attention

78.5 (35.5)

175.7 (75.9)

242.9 (81.8)

17

9

12

Younger

Afternoon
Older, High
Performance

Older, Low
Performance

Processing Speed

16.2 (0.8)

25.1 (24.2)

19.5 (7.6)

Divided Attention

30.9(53.8)

22.1 (6.1)

102.2 (90.4)

Selective Attention

69.8(21.7)

111.6 (32.8)

214.5(58.2)

Variable

n

n

Processing Speed3

24
7
10
Average Scores Across Time of Testing
Older, High
Older, Low
Younger
Performance Performance
16.1b
21.5C
44.6b

Divided Attention

38.1

27.3

117.6

Selective Attention

74.1

143.6

228.7

a For processing speed, means with subscripts in commom differ significantly, p < .05.
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For the visual search reaction times a 3 (Group) x 2(Time of Testing) x 3(set size)
x 2 (decision type) mixed design ANOVA was conducted (see Table 13 for means and
standard deviations). In this analysis, a main effect of Group was found, F (2,65) = 40.3,
p < .01 was found. Tukey’s test revealed that the older, low performance adults had

significantly longer reaction times { M - 1074.4) than the older, high performance ( M 848.1) or younger high performance adults (M= 708.1). The reaction times of the older,
high performance groups and the younger high performance groups differed significantly
as well. There was also a main effect of decision type, F ( 1,65) = 47.0, p < .01. Reaction
times for “yes” decisions were significantly shorter (M - 834.9) than reaction times for
“no” decisions (M ~ 918.8). There were no other main effects or interactions found in
this analysis. For the visual search error rates a 3 (Group) x 2(Time of Testing) x 3(set
size) x 2 (decision type) mixed design ANOVA was conducted. In this analysis, there
was a main effect of Group, F ( 2,63) = 3.5 ,p < .05. Tukey’s test revealed that the
younger, high performance group made more errors (M= .059) than the older, low
performance adults (M= .035), but these means did not differ significantly from that of
the older, high performance group (M = .042). There were no other main effects or
interactions found in this analysis.
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Table 13
i 'is'ual Search Reaction Times and Error Rates by Age Performance

Reaction Timer

Variable
Set Size Decision

Younger

Older, High
Performance

Older, Low
Performance

2

Yes
No

651 (35)
736 (31)

837(53)
938 (47)

1075 (44)
1028 (39)

4

Yes
No

680 (32)
745 (34)

831 (49)
891 (52)

1002 (41)
1102 (43)

6

Yes
No

676 (36)
760 (37)

733 (55)
859 (56)

1028(46)
1111(47)

Error Rates
2

Yes
No

.07 (.01)
.07 (.01)

.08 (.02)
.08 (.02)

.04 (.01)
.04 (.01)

4

Yes
No

.06 (.01)
.06 (.01)

.02 (.01)
.05 (/02)

.01 (.01)
.03 (.01)

6

Yes
.02 (.01)
.04 (.02)
No
.08 (.02)
.05 (.03)
N ote. Numbers in parentheses are standard deviation.

.05 (.02)
.05 (.02)

Several other individual difference variables were subjected to analysis using
group as a variable. The means and standard deviations for these measures can be found
in Table 14. A 3 (Group, younger high performance, older high performance, and older
low performance) x 2(Time of Testing) ANOVA was performed on systolic blood
pressure. A main effect of group was found, F{2, 73) = 9.1. p< .01. A Tukey’s test
revealed that systolic blood pressure was significantly higher in the older, low
performance group (M ~ 133.9) than in the younger high performance group (M = 114.9).
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The systolk blood pressure of the older, high performance group did not differ
significantly from the other groups (M= 124.5). There were no other main effects or
interactions in this analysis. A 3 (Group, younger high performance, older high
performance, and older low performance) x 2(Time of Testing) ANOVA was performed
on diastolic blood pressure. A main effect of group was found, F(2, 73) = 5.5. p< .01. A
Tukey’s test revealed that diastolic blood pressure was significantly higher in the older,
low performance group (M= 79.7) than in the younger high performance group (M=
72.6). The diastolic blood pressure of the older, high performance group (M= 82.8) did
not differ significantly from the older, low performance group but was higher than the
younger, high performance group. There were no other main effects or interactions in
this analysis. A 3 (Group, younger high performance, older high performance, and older
low performance) x 2(Time of Testing) ANOVA was performed on MMSE scores. A
main effect of group was found, F(2, 74) = 4.2, p < .05. A Tukey’s test revealed that the
younger, high performance group had better MMSE scores (M= -.18) than the older, low
performance group (M= -.91) or the older, high performance group { M - - 1.0). There
were no other main effects or interactions in this analysis. A 3 (Group, younger high
performance, older high performance, and older low performance) x 2(Time of Testing)
ANOVA was performed on years of education. No main effect of group was found, F(2,
71) - 2.0, ns. There were no other main effects or interactions in this analysis. A 3
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Table 14
Individual Difference Scores by Group Performance and Time o f Testing
--

Older, Low
Performance

Variable

Younger

Older, High
Performance

Age

21.6 (2.3)

58.3 (3.7)

70.6(8.8)

73(1.6)

69 (2.6)

66 (2.2)

114.9(2.7)

124.5 (4.2)

133.9(3.5)

Diastolic Blood Pressure 72.6(1.8)

82.8 (2.9)

79.7 (2.4)

Pulse
Systolic Blood Pressure

Years Education

15.5(0.4)

16.8 (0.6)

MM.SEa

-0.2 (0.2)

-1.0 (0.3)

Years Driving

6.6(1.1)

41.5 (1.6)

52.8(1.4)

Overall Health

7.6 (0.2)

7.4 (0.3)

7.4 (0.2)

Overall Sleep Qualityb

5.4 (0.4)

6.0 (0.7)

6.2 (0.6)

CAIN0

32.1 (1.2)

34.3 (2.8)

41.8(2.3)

MEQd

46.3(1.4)
62.4(1.9)
aMMSE = Mini Mental Status Exam. bSleep quality as measured by the
Pittsburgh Sleep Quality Index.cCAIN = Computer Anxiety Inventory.
dMEQ = Morningness-Eveningness Questionnaire.

15.5 (0.4)
-0.9 (0.2)

61.9 (2.2)

A 3 (Group, younger high performance, older high performance, and older low
performance) x 2(Time of Testing) ANOVA was performed on sleep quality. There was
no main effect of group found, F(2, 69) = 0.7, ns. There were no other main effects or
interactions in this analysis. A 3 (Group, younger high performance, older high
performance, and older low performance) x 2(Time of Testing) ANOVA was performed
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on CAIN scores. A main effect of group was found, F(2, 74) = 5.9,p < .01. A Tukey’s
test revealed that the older, low performance group had significantly higher CAIN scores
(M= 41.8) than the older, low performance group (M= 34.3) and the younger, high
performance group (M= 32.1). There were no other main effects or interactions in tftis
analysis. A 3 (Group, younger high performance, older high performance, and older low
performance) x 2(Time of Testing) ANOVA was performed on MEQ scores. A main
effect of group was found, F(2, 68) = 31.8,/? < .01. Tukey’s test revealed that younger,
high performance adults had significantly lower MEQ scores (M= 46.3) than the older,
high performance (M= 61.9) and older, low performance groups (M= 62.4). There were
no other main effects or interactions in this analysis.
Because age was significantly different for each of the groups, all of these
analyses were conducted again using age as a covariate. Findings indicated that after the
variability associated with age was removed, there were no main effects of group in any
of the analyses.
Driving History. A 2 x 2 (Age x Time of Testing) ANOVA was conducted on
number of years of driving. Means and standard deviations are presented in Table 15. In
this analysis, a main effect of Age was found, F (1,79) = 581.8, p< .01. Older adults
reported driving more years than younger adults (Ms = 47.9 and 6.6 respectively).
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Table 15
Driving History by Age and Time o f Testing
Time of Day
Variable

Morning
Younger
Older

Afternoon
Younger
Older

Number of years of
driving

6.4 (2.7)

47.6(10.5)

6.8 (2.3)

48.2(10.4)

Number of trips taken
daily

3.5 (1.8)

2.5 (2.2)

3.4 (2.2)

3.3 (2.5)

Number of days per
week spent driving

6.5 (1.2)

6.1 (1.1)

6.3 (1.4)

6.4 (1.3)

Number of moving
violations last 5 years

0.9 (1.3)

0.2 (0.4)

1.0 (1.5)

0.4 (0.6)

0.5 (0.5)

0.5 (0.7)

Number of crashes last
5 years
0.6 (1.0)
0.4 (0.6)
Note. Numbers in parentheses are standard deviation

There was no main effect of Time of Testing, nor was there an interaction between Age
and Time of Testing found in this analysis. A 2 (Age Group) x 2 (Time of Testing)
ANOVA on the number of trips taken daily was conducted. There were no main effects
or interactions in this analysis. A 2 (Age Group) x 2 (Time of Testing) ANOVA on the
number of days per week spent driving was conducted. There was no main effect or
interaction in this analysis. A 2 (Age Group) x 2 (Time of Testing) ANOVA was
conducted on the number of moving violations in the last five years. There was a main
effect of age group, /'T 1,75) = 8.3 ,p < .01. Younger adults reported more moving
violations (M = 1.0) than older adults (M —0.3). A 2 (Age Group) x 2 (Time of Testing)
ANOVA was conducted on the number of crashes in the last five years. There were no
main effects or interaction ;n

analysis (se--> T-.w.' i o
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Sleep Quality. A (Age Group) x 2 (Time of Testing) ANOVA was conducted on
the number of hours participants reported sleeping the night before testing. There were
no main effects or interactions in this analysis. A (Age Group) x 2 (Time of Testing)
ANOVA was conducted on the number of awakenings the night before the testing. There
was a main effect of Age Group, F (1,75) = 7.7 ,p < .05. Older adults reported more
awakenings (M= 1.8) than younger adults (M= 0.8). There was no main effect of Time
of Testing and no interaction found in this analysis. A (Age) x 2 (Time of Testing)
ANOVA was conducted on the time it took participants to fall asleep the night before the
testing. There were no main effects or interaction in this analysis. Participants were
asked to rate their satisfaction on a scale from 0 to 4, with the quality of sleep the night
before testing. Most participants (42%) reported feeling satisfied with their sleep the
night before the testing and a large percentage (35%) reported feeling very satisfied.
Participants were asked to rate how they felt upon awakening the morning of the testing.
It was found that a greater number of younger adults (54%) reported feeling “normal to a
little worse” whereas, fewer older adults reported feeling “normal to a little worse”
(31%).
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CHAPTER IV
DISCUSSION
The first purpose of this study was to examine whether time of day influenced
visual-spatial attention and driving performance. Time of testing was not found to
influence performance on most measures in older or younger adults. A second purpose
was to examine whether older adults who exhibit a circadian preference for mornings
would exhibit poorer performance in the afternoon time of testing than in the morning
time of testing on visual-spatial attention and driving performance. As would be
expected, age differences emerged in most, but not all performance measures. Younger
adults had better scores than older adults. In contrast, older adults did not show poorer
performance in the afternoon than in the morning; nor did younger adults show poorer
performance in the morning than in the afternoon. The hypotheses of this study, for the
most part, were not supported.
Another purpose of this study was to examine the influence of other moderating
variables (i.e., sleep quality, health, and education) on visual-spatial attention and driving
performance. Conclusions about the role of these variables are limited because the
intended multiple regression analyses could not be performed. The findings of this study
did not indicate that moderating factors differed between older and younger adults in
factorial analyses. One factor, driving exrv'!'U"; ' did differ significantly between older
and younger adults. The older adults who were more highly experienced relative to
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younger adults, did not demonstrate better driving performance than the younger adults
as a result. A more extensive discussion of the findings of this study are presented
below.
It was hypothesized that the performance of older adults especially, would be
influenced by the time of testing. Findings from previous research indicated that older
adults exhibit a morning-type circadian rhythm that results in better performance in
morning tunes of testing as compared to afternoon times of testing. Likewise, younger
adults exhibit an evening-type circadian rhythm that results in better performance in the
afternoon (Intons-Peterson et al., 1998; May et al., 1993; Smith et al., 2001). However,
other research did not find this pattern of results (Brown et al., 1999; Hasher et al., 1991).
In the present study, time of day did not emerge as a factor that influenced performance
on the visual search test or the Profiler driving test.
One measure of the Useful Field of View (UFOV), the selective attention measure
was influenced by time of testing, however. Older and younger adults showed better
performance in locating peripheral targets and identifying central targets in the afternoon
than in the morning. This is in contrast to other research which has shown that selective
attention was better when testing was conducted at the preferred time of day (IntonsPeterson et al., 1998). Although past research has suggested that

adults in

particular are more likely to have auto crashes in aiternoon (Summala & Mikkola; 1994),
A

’

' rein would suggest that crashes which occur in the afternoon may not be the

result of circadian influences on selective attention.
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The Embedded Figures Test (EFT) was used to evaluate perceptual style (i.e.,
visual-spatial ability) in the present study. Perceptual style has been shown to influence
driving performance at busy intersections where quick identification of traffic signs is
imperative (Guerrier, Manivannan, & Nair, 1999). Perceptual style differed depending
upon age of the participant, and an age by time of testing interaction was found. Older
adults performed more poorly on the test than younger adults. In addition, younger adults
achieved a greater number of correct answers when tested in the afternoon as compared
to older adults tested in the afternoon while no age differences were observed in the
morning.
Past research indicates that adults achieve fewer correct responses on the EFT as
they age (Guerrier, et al., 1999). Other research that employed the rod and frame device
to measure field dependence found that older participants performed more poorly than
younger participants (Roberts & Tanguay, 1990). Thus, the findings of this study are in
accordance with previous findings. In terms of visual-spatial perceptual style required
for safe driving, the data herein would suggest that younger adults are at an advantage
over older adults.
The EFT field dependence measure was considered an individual difference
variable. Differences in perceptual style were not anticipated as a function of the time of
testing manipulation. It may be assumed that the age by time of testing interaction found
in this study was a failure of randomization to distribute visual spatial ability equally
across the cells.
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Another interaction between age and time of testing emerged on sleep quality.
The global sleep quality score taken from the Pittsburgh Sleep Quality Index (PSQI;
Buysse, et al., 1989) differed depending upon the age of the participant and the time of
testing. Younger adults tested in the afternoon reported better sleep quality than older
adults tested in the afternoon. In this study, participants were asked to schedule a testing
time between 0800 and 1000 h or between 1500 and 1700 h. According to informal
conversations with participants, younger adults participated primarily to gain extra credit
for college course-work and were likely to schedule a time that fit in with class schedules.
In contrast, older adults participated primarily because they were interested in getting
feedback about their driving ability. It is possible then that older adults who experienced
poorer sleep quality may have elected to participate in afternoon testing rather than
morning testing. That is, older participants may have opted for testing times based upon
their optimal time of performance. This study may not have found an interaction
between age and time of testing on sleep quality if participants were randomly assigned
to either a morning or an afternoon time of testing. In addition, most of the older adults
in this study demonstrated a morning-type circadian preference on the MomingnessEveningness Questionnaire. Future research should include a group of older adults who
exhibit an evening-type circadian preference, however, these individuals may be difficult
to identify (Intons-Peterson et al., 1998; May et al., 1993).
One possible explanation for the failure to find effects of the interaction between
age and time of testing on other measures employed is that the older participants in this
research were relatively high functioning, healthy, and well-educated. Thus they were
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less likely to exhibit performance deficits as a result of sub-optimal circadian arousal.
Perhaps older adults who had functional limitations and chronic conditions, those more
likely to be influenced by circadian arousal deficits, were not interested or willing to
participate in a driving study.
The findings of one of the measures employed in this study present some
concerns. The visual search test presented a target letter for a brief period of time and
required participants to respond “yes” or “no” to whether a target letter did or did not
reappear in a string of letters. The visual search task measured reaction times and errors,
and the data showed that reaction times for “yes” decisions were significantly faster than
reaction times for “no” decisions. This is a standard finding in the literature. Another
standard finding in the literature is one of the effect of set size on visual search reaction
times. As set size increases, the visual search reaction time increases (Anderson, 2000).
Duchek et al. (1998) showed that older adults with dementia were especially prone to the
effects of set size on reaction time. In the present research, the visual search task
presented three set sizes, two letters in the search set, four letters in the search set, and six
letters in the search set. The set size effect was not obtained for older or younger
participants regardless of the time of testing. In fact, even the group of low performing
older adults did not exhibit a set size effect. One explanation for this is that, despite
instructions to respond very quickly and expect some errors, participants used a
speed/accuracy trade-cff response style. This explanation can be supported by the data
that show low error rates and slow reaction times. Additional analyses also support this
explanation in that older, low performance adults showed the slowest reaction times and
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the lowest error rates of the three performance groups. Informal reports by older adults
also suggest that this interpretation is accurate. Older adults often reported to the
researcher the number of errors that they made on the visual search task after they
completed the task.
Another explanation for the lack of an effect of set size, though harder to evaluate,
is that the task was too easy for our sample of very healthy, highly educated younger and
older participants. In future research, the visual search task should include computerized
feedback to the participants to speed up when reaction times are slow and error rates are
low, should present a larger number of trials than used in this study, and may present the
target stimuli for a briefer time than it was presented in this study. All of these
modifications would reduce the likelihood of a ceiling effect on the visual search task.
The visual search data revealed that older adults made fewer errors than younger
adults. Younger adults may have been more sensitive to instructions to respond quickly
despite an occasional error. In addition, older adults may have been more sensitive to
error messages that were presented as on-screen feedback throughout the task and more
motivated to perfomi very well on a task that they considered very easy. Past research by
Llaneras et al. (1998) suggested that older drivers monitor errors very carefully on
driving-related tasks. Findings herein indicate that older adult participants monitored
errors on a non-driving task as well.
Tire driving task used in the present study, the Profiler driving test, was a
computerized video game that simulated driving on a driving course. It was intended that
Profiler would be a valid measure of driving for several reasons. On highly valuable
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attribute of Profiler is that it is realistic and complex. Another is the data collection
capabilities of the program. The Profiler was fitted with realistic peripheral devices
including a steering wheel and a brake pedal and it presented visual information similar
to what would be seen when driving. The visual information is also presented in motion
similar to how it would appear when moving along a roadway. It was developed to
measure reaction times and errors in responding to target stimuli in the center or the
moving in the periphery of the computer screen. This was presented in a complex, on
line performance task (Mills et al., 1999). Most participants reported that the Profiler
was indeed a difficult task, even those who played video games as a hobby. Many
participants reported that the Profiler was enjoyable to perform.
Unfortunately, the psychomotor responses required, either fine motor or gross
motor were completely confounded with the type of reaction time measured. Response to
peripheral targets was always made with a finger tap (fine motor) and response to the
central target was always made with a depression of the brake (i.e., gross motor). This
study showed that older adults were slower to respond to central trials than younger
adults. According to Czaja (1996), older adults show slower psychomotor performance
especially on tasks that require large motor responses. Therefore, it is difficult to
determine whether the age deficit was a result of slower cognitive processing or slower
large motor responses. Regardless of the source of the deficit, slow gross motor
responses may present a large functional limitation in driving for older adults.
It is important to note that there was no age difference on the peripheral reaction
time measure of the driving simulator. Older adults who were able to perform the driving
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test were as quick to respond with a finger tap as younger adults. The value of this
finding is limited by one important fact. The reaction times calculated by the Profiler and
evaluated in the analyses herein included error response times. The scanning scores from
Profiler which are calculated by speed and accuracy on the peripheral target trials
suggested that older adults made more errors than young adults. It is possible that the
removal of reaction times for error trials would change the findings of the analyses and
result in different conclusions regarding age differences in peripheral reaction times.
One limitation of this study was that so few older adults completed the Profiler
driving simulator. Two older women reported feeling motion sickness at the start of the
computerized driving. Several older adults indicated that the computer simulator moved
too fast for them to continue. Some older adults had difficulty performing the visual
search task. Thus, it was clear that they would be unable to manage the computerized
driving test. In the present study, it was hoped that the Profiler would provide a viable
way to assess driving in older adults. In fact, the study was originally designed to employ
multiple regression analyses using Profiler scores as criterion scores. The intention was
to identify the cognitive subcomponents most related to driving performance. Because
many of the older adults in the present study were not able to conduct the driving task,
there were not enough data points for a multivariate analysis using Profiler as a criterion
variable.
All of the participants in the younger adult group were able to perform the driving
simulator. Less than half of the older adults (N= 15) were able to perform the driving
simulator, while the others were not (N= 23). Based upon ability to perform the Profiler
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computerized driving simulator three groups were formed. Those older adults who
completed the Profiler (i.e., high performance) were also high performing on other
measures employed in this study relative to the older adults who could not complete the
Profiler (i.e., low performance). On most variables, younger adults had the best scores,
older, low performance adults had the poorest scores, and older high performance adults
had intermediate scores. With regards to the initial hypotheses, time of testing and
performance level did not interact to influence outcomes on the cognitive measures
except processing speed of the UFOV.
In the case of the divided attention measure of the UFOV, older, high
performance adults had better scores than younger, high performance adults. Older high
performance adults were able to locate peripheral targets and differentiate between
central targets more quickly than younger adults and more quickly than older low
performance adults. One explanation for this may be that the extensive driving
experience of older adults gave them an advantage on this measure of the UFOV. This
explanation seems implausible, however, because older, low performance adults also had
extensive driving experience but did not have divided attention scores that surpassed
younger, high performance adults. This finding suggests that older adults vary in their
ability to recognize and integrate relevant information out on the road (Jagacinski, 1996).
Older age was correlated with low performance, thus a clear interpretation these
findings is difficult. In fact, when age was used as a covariate in factorial analyses using
performance levels and time of day, age reached significance but group differences did
not. The finding that the oldest adults performed most poorly on all measures concurs
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with the findings of Wood (2002) and Llaneras, et al. (1998). These findings suggest that
the oldest adults who performed poorly on the Profiler would perform more p o o r ly in
highly complex driving situations as well.
It is possible that computerized driving simulators are not valid instruments for
evaluating driving ability in older adults. Lee and Lee (2005) presented older adults with
ecologically valid driving scenarios on a computerized driving simulator in order to
evaluate factors predictive of real-world moving violations and crashes in older drivers.
They showed that most of the scenarios presented on the computer were not predictive of
driver violations. The present study and past findings reported here suggest that more
research on assessment of older adults driving ability with a computerized simulator is
necessary.
In reference to computerized testing, Duchek et al. (1998) reported that many of
the older participants in their study, some of whom had very mild or mild dementia,
could not complete the computerized assessment of UFO V. One advantage of the present
study which tested older adults with high cognitive function was that all older adults
except one were able to complete the UFOV. It should be noted that the older adults in
the present study had high computer anxiety' scores, but several factors made it possible
for older adults to conduct the test. The instructions were clear and could be repeated if
necessary. There were opportunities to practice, and perhaps most importantly, the
UFOV presented limited stimuli beginning with a slow pace and gradually increasing to a
more rapid pace. This leaves open the possibility for the inclusion of the UFOV in other
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driving-related studies of older adults. The UFOV, however, is far less ecologically valid
than a computerized driving simulator.
Previous research (Laguna & Babcock, 1997) showed that relative to younger adults,
older adults performance on computerized cognitive tests was hindered by computer
anxiety especially on timed testing. Regardless of the drawbacks of using computerized
test in aging research, the findings of this study suggest mild age-related decrements in
useful field of view, slowed reaction times, and higher error rates in complex situations.
The findings of this study also highlight the large variability in performance of older
adults. These factors are likely to influence driving performance as well.
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